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Preface 


The  impact  of  science  on  daily  life  empha- 
sizes the  need  for  an  organized  science  pro- 
gram throughout  the  elementary  grades.  A new 
subject  not  many  years  ago,  science  now  occu- 
pies an  increasingly  important  place  in  the 
curriculum.  Experienced  teachers  have  discov- 
ered that  science  is  not  mysterious.  It  is  no  more 
difficult  to  teach  than  other  subjects  long  taught 
in  the  elementary  school.  In  fact,  the  child’s 
natural  curiosity  about  the  world  in  which  he 
lives  makes  science  teaching  easy.  Motivation 
is  never  lacking  in  a properly  conducted  science 
class. 

Yet  many  teachers,  untrained  in  science,  are 
fearful  of  science  teaching.  They  suspect  (often 
rightly)  that  pupils  know  more  about  science 
than  teachers  do.  And  they  tremble  at  the 
thought  of  being  asked  a question  that  they 
cannot  answer.  These  teachers  lack  confidence 
because  they  lack  training  in  science.  The  pur- 
pose of  this  Guideboo\,  therefore,  is  to  provide 
in-service  training  in  science  teaching.  It  is  de- 
signed to  help  the  inexperienced  teacher  learn 
as  she  teaches.  Although  intended  primarily 
for  teachers  who  lack  the  background  and  ex- 
perience required  for  effective  science  teaching, 
the  Guideboo\  also  provides  much  information 


that  will  be  useful  for  experienced  science 
teachers. 

Part  One  of  the  Guideboo\  discusses  the 
philosophy  of  education  and  the  technique  of 
teaching  used  throughout  the  Discovering  Our 
World  series.  It  is  divided  into  three  main 
sections.  The  first  section  takes  up  the  objec- 
tives of  science  teaching.  The  second  covers  the 
conditions  of  effective  learning,  the  teaching 
cycle,  and  the  organization  of  the  series.  The 
third  deals  with  general  methods  for  teaching 
science  effectively.  Part  Two  gives  specific  sug- 
gestions for  teaching  each  unit  in  the  pupil’s 
book.  Part  Three  is  a book  list.  Part  Four  gives 
information  about  the  care  of  animals  and 
plants  in  the  classroom,  materials  needed  for  the 
experiments  and  observations,  and  visual  aids. 

The  usefulness  of  the  Guideboo\  will  be  ap- 
parent to  teachers  acquainted  with  the  books 
that  precede  or  follow  Discovering  Our  World 
in  the  Basic  Studies  in  Science  program.  The 
suggestions  have  come  from  years  of  experience 
of  the  authors,  their  colleagues,  and  the  teachers 
who  kindly  helped  in  shaping  the  book.  The 
authors  will  be  glad  to  receive  additional  sug- 
gestions for  making  this  Guidebook  a more 
effective  teaching  aid. 
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Part  One  philosophy  and  technique 


Why  Teach  Science? 


Instruction  that  does  not  transfer  over  to  life, 
providing  a guide  for  behavior  in  the  situations 
that  arise,  does  not  function.  Therefore,  the 
task  of  the  teacher  of  science  or  of  any  subject 
is  to  determine  what  modifications  of  behavior 
can  be  brought  about  by  that  subject.  A boy  or 
girl  who  has  studied  science  should  be  a differ- 
ent individual  from  the  one  who  has  not 
studied  science. 

The  problem  that  every  teacher  of  science 
must  solve  is:  How  can  I so  teach  science  that 
it  will  function  as  a way  of  living,  as  a mode 
of  interpreting  the  world  in  which  we  live,  as 
a way  of  reacting  to  our  environment  ? Science 
so  conceived  is  not  simply  a collection  of  facts 
about  the  various  forces,  materials,  and  phe- 
nomena of  nature;  it  is  a method  of  behavior. 

If  we  analyze  the  ways  in  which  a study  of 
science  will  contribute  to  desirable  modifica- 
tions of  behavior,  we  find  five  ways  in  which 
modification  can  be  brought  about. 

1.  The  first  way  of  modifying  behavior 
through  science  is  by  developing  a genuine  in- 
terest in  the  world  of  nature  and  a desire  to 
\now  more  about  it.  A prerequisite  to  this  in- 
terest is  a rich  background  of  experiences  with 
the  forces,  materials,  phenomena,  and  living 
things  that  make  up  the  world  in  which  we 
live.  In  this  series,  the  authors  have  provided 
this  rich  background  of  experiences.  They  have 
also  suggested  activities  that  the  child  can  carry 
on  to  discover  more  about  the  world  in  which 
he  lives.  A person  who  has  acquired  this  inter- 
est has  a never-ending  source  of  satisfaction. 

2.  The  second  way  in  which  the  study  of 
science  can  modify  behavior  is  through  an  un- 
derstanding of  the  forces,  phenomena,  proc- 
esses, materials,  and  living  things  that  interact 
to  produce  the  world  in  which  we  live.  Learn- 
ing is  essentially  a process  of  acquiring  mean- 


ings. When  a thing,  situation,  or  event  has 
acquired  meaning,  it  is  understood.  Perhaps  the 
best  statement  of  this  idea  has  been  given  by 
Dewey:  “To  grasp  the  meaning  of  a thing,  an 
event,  or  a situation  is  to  see  it  in  its  relations 
to  other  things,  to  note  how  it  operates  or 
functions,  what  consequences  follow  from  it, 
what  causes  it,  and  to  what  uses  it  can  be  put.” 
Thus,  one  problem  of  the  science  teacher  is  to 
discover  how  the  child  acquires  meanings. 

A major  type  of  learning  in  science  is  the 
acquisition  of  general  concepts.  Such  general 
concepts  cast  a flood  of  meaning  over  the  forces, 
phenomena,  and  materials  of  the  environment 
with  which  the  child  comes  in  contact.  Let  us 
take  an  example.  To  identify  a thing  as  a mem- 
ber of  a certain  group  is  to  explain  it,  or  to  give 
it  meaning.  If  we  say  that  a thing  is  a “living 
thing,”  you  know  in  general  what  kind  of 
thing  it  is.  You  know  that  it  carries  on  certain 
processes  and  activities.  You  know  all  this  be- 
cause you  have  acquired  a general  concept  of 
what  a living  thing  is.  By  means  of  such  con- 
cepts, you  are  able  to  generalize,  to  carry  over 
meaning  from  one  situation  to  another. 

In  the  teaching  of  science,  we  need  to  keep 
in  mind  the  development  of  general  concepts 
— concepts  that  may  transfer  to  other  situations 
and  serve  as  a method  of  interpretation  and 
explanation  for  particular  things,  events,  and 
situations. 

If  you  have  studied  science,  you  know  that 
science  generalizations  are  often  stated  as  prin- 
ciples. For  example,  “Solids  expand  when 
heated  and  contract  when  cooled”  is  a statement 
of  a principle.  The  principle  tells  you  what  hap- 
pens when  a certain  condition  is  present.  If  you 
heat  a solid  (the  condition),  it  will  expand  (the 
effect).  A principle,  therefore,  is  a statement 
of  the  relation  between  conditions  and  effects. 
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Since  these  principles  are  general  in  their 
operation,  they  interpret  behavior  and  supply 
a guide  for  it  in  many  situations.  For  example, 
consider  the  idea  of  gravitation.  A baby  takes  a 
long  time  to  discover  the  force  of  gravity. 
Through  experience,  he  finally  discovers  that 
an  object  will  fall  unless  there  is  some  support 
beneath  it.  Then  he  may  take  great  delight  in 
dropping  objects  just  to  see  if  what  happens 
will  meet  with  his  expectations.  Finally,  he 
generalizes  and  arrives  at  the  conclusion  that  all 
objects  must  be  held  up  by  something,  or  they 
will  fall.  He  has  now  acquired  a method  of 
behavior  that  enables  him  to  deal  successfully 
with  situations  in  which  the  force  of  gravity 
is  operating. 

This  example  shows  that  a principle  of  sci- 
ence is  not  simply  a collection  of  words  to  be 
memorized;  it  is  the  basis  for  a method  of 
behavior.  A person  who  understands  a prin- 
ciple behaves  differently  from  one  who  does 
not.  He  has  a basis  for  explaining  what  he  sees; 
that  is,  he  can  tell  why  something  happens 
because  he  knows  the  conditions  that  are  neces- 
sary to  produce  the  effect  which  he  observes. 
He  can  predict  what  will  happen  because  he 
knows  that  certain  conditions  are  followed 
by  certain  effects.  He  can  bring  about  desired 
results  because  he  knows  the  conditions  neces- 
sary to  bring  them  about.  A person  who  under- 
stands a principle  thus  has  the  necessary  basis 
for  planning  practical  activities. 

3.  The  third  way  in  which  modification  of 
behavior  may  be  obtained  through  science  is 
by  developing  the  scientific  attitude.  There  are 
hundreds  of  superstitions  fastened  in  the  mind 
of  the  human  race.  Most  of  us  are  acquainted 
with  people  who  firmly  believe  that  breaking  a 
mirror  or  walking  under  a ladder  is  a har- 
binger of  bad  luck.  Probably  none  of  these 
superstitions  taken  singly  would  seriously  affect 
the  life  of  any  individual.  Nevertheless,  such 
beliefs  are  symptomatic  of  a condition  that  is 
very  serious,  namely,  the  lack  of  understanding 
of  a most  important  contribution  of  science: 
a conviction  of  the  universality  of  cause  and 
effect. 


A person  who  has  the  idea  of  cause  and  effect 
is  entirely  different  from  one  who  lacks  this 
understanding.  If  he  has  this  idea,  he  cannot 
possibly  believe  in  superstitions,  palmistry,  or 
fortune  telling  by  cards  or  tea  leaves.  All  of 
these  false  notions  fall  down  when  examined 
in  terms  of  a possible  causal  relationship. 

This  conviction  of  the  universality  of  cause 
and  effect  is  part  of  what  is  known  as  the 
scientific  attitude.  The  holding  of  one’s  view- 
point as  tentative  until  all  the  evidence  is  ex- 
amined, the  spirit  of  inquiry,  and  the  habit  of 
looking  for  problems  to  solve  are  also  parts  of 
the  scientific  attitude.  A person  in  whom  the 
scientific  attitude  has  been  developed  has  a dis- 
tinct method  of  reacting  to  his  environment— 
a method  totally  different  from  that  of  the  per- 
son with  no  sense  of  scientific  values. 

Every  available  opportunity  should  be  used 
to  help  children  acquire  the  scientific  attitude. 
Toward  that  end,  they  should  be  encouraged 
to  become  more  observing,  to  look  at  a problem 
from  every  side  before  they  express  an  opinion, 
to  experiment  carefully  and  accurately,  to  de- 
mand reliable  sources  of  information,  to  with- 
hold judgment  until  there  is  sufficient  evidence 
to  permit  the  drawing  of  conclusions,  and  to 
react  intelligently  to  superstitious  beliefs. 

Children  are  vitally  interested  in  science.  As 
a result,  they  will  ask  many  questions.  This  is 
a valuable  part  of  the  scientific  attitude  for  both 
children  and  teacher.  The  teacher  should  not 
feel  embarrassed  if  she  does  not  know  the 
answers  to  all  of  these  questions.  No  scientist 
knows  the  answers  to  all  the  questions  asked 
him.  Any  teacher  of  science  will  sometimes 
need  to  say  to  her  pupils,  “I  do  not  know  the 
answer,  but  I will  be  glad  to  help  you  find 
out.”  In  fact,  when  the  teacher  knows  the 
answer,  she  should  not  always  tell  it,  especially 
if  the  question  relates  to  something  of  basic 
importance.  Rather,  the  teacher  should  help 
the  children  find  the  answer. 

With  such  an  attitude,  the  children  and  the 
teacher  may  solve  cooperatively  problems  of 
mutual  interest.  A spirit  of  working  together 
is  most  highly  to  be  desired.  The  conclusions 
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then  seem  doubly  important,  for  the  method  of 
solving  problems  is  no  less  important  than  the 
results  obtained.  Stimulate  the  pupils  to  do  as 
much  observing  as  possible.  Let  them  examine 
things  and  arrive  at  their  own  conclusions.  Try 
always  to  draw  on  their  previous  experience 
and  on  their  observations  made  outside  of  the 
classroom. 

4.  The  fourth  way  of  modifying  behavior  is 
by  training  in  the  scientific  method  of  thinking. 
The  science  class  is  the  place  par  excellence 
for  training  pupils  to  become  better  thinkers. 
This  is  true  because  the  generalizations  of 
science  are  themselves  the  product  of  reflective 
thinking.  It  is  possible  in  the  science  class  to 
retrace,  at  least  in  part,  the  thinking  through 
which  the  generalizations  were  reached.  By 
using  the  experimental  method  of  attack,  we 

Learning  and 


Conditions  for  effective  learning 

Methods  of  teaching  must  necessarily  be 
based  on  the  findings  of  psychology  that 
deal  with  the  learning  process.  These  findings 
may  be  thought  of  as  principles  of  learning 
that  show  the  teacher  what  she  must  do  to 
provide  the  conditions  for  effective  learning. 
A brief  statement  of  these  principles  and  their 
application  to  methods  of  teaching  science 
follows. 

1.  Learning  is  most  lively  to  occur  when  a 
child  has  a definite  purpose  to  accomplish.  In- 
struction in  science  should  be  focused  on  a 
functional  understanding  of  the  generalizations 
of  science  that  make  the  world  meaningful. 
Somehow  or  other,  we  must  make  the  acquisi- 
tion of  this  understanding  important  to  the 
child.  It  must  meet  some  need  that  he  has. 
Its  acquisition  must  result  in  some  satisfaction 
to  the  child.  In  other  words,  the  understanding 
must  solve  some  problem  that  he  wants  to  solve, 
answer  questions  that  he  wants  answered,  or 


can  set  up  situations  where  certain  conditions 
are  present  and  observe  the  effects  produced. 
In  the  science  class,  pupils  can  make  their  own 
observations,  draw  their  own  inferences,  and 
check  the  accuracy  of  their  own  conclusions. 

5.  The  fifth  way  of  modifying  behavior  is 
by  developing  skills  such  as  making  observa- 
tions, doing  experiments,  interpreting  pictures 
and  diagrams,  reading  science  content  with  un- 
derstanding, reading  source  materials,  and 
using  the  instruments  of  scientists.  The  Basic 
Studies  in  Science  program  includes  a wide 
range  of  activities  that  are  basic  to  the  study  of 
science.  These  are  graded  in  difficulty  so  that 
each  book  in  the  program  makes  use  of  skills 
taught  in  earlier  grades  and  then  carries  them 
on  to  higher  levels  of  understanding  and  in- 
creased ability  in  their  use. 

Science  Teaching 


show  him  how  to  do  something  that  he  wants 
to  do. 

Application  of  this  principle  of  learning  must 
be  made  when  starting  a new  unit  or  a new 
problem.  It  is  a matter  of  setting  the  stage  for 
learning.  There  are  various  ways  of  doing  this. 
See  pages  12-14  of  this  Guideboo\. 

2.  Activities  must  be  set  up  that  produce 
some  active  response  by  the  child.  In  science, 
we  are  concerned  with  certain  understandings. 
We  are  trying  to  teach  certain  concepts  that 
will  help  the  child  in  his  adjustment  to  the 
world  in  which  he  lives.  Now  a person  cannot 
just  learn  an  understanding.  An  understanding 
is  obtained  only  when  he  does  some  thinking. 
Furthermore,  if  he  acquires  an  understanding, 
it  must  be  a product  of  his  own  thinking.  We 
are  all  familiar  with  the  saying,  “We  can’t 
learn  pupils,  we  can  only  teach  them.”  In  other 
words,  as  teachers,  our  task  is  to  set  up  a learn- 
ing situation  in  which  pupils  carry  on  certain 
activities  focused  on  the  understanding.  The 
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pupil  learns  as  he  carries  out  the  activities.  The 
understanding  that  results  is  the  pupil’s.  It  is 
a product  of  his  own  activity.  What  the  pupil 
does,  therefore,  determines  what  learning,  if 
any,  will  occur.  In  general,  the  more  active  the 
participation  of  the  pupil  in  deciding  what 
should  be  done,  the  more  purposeful  the  ac- 
tivity will  be  and,  therefore,  the  more  likely  it 
will  result  in  the  desired  learning  product.  The 
types  of  activities  will  vary  with  the  learning 
product  to  be  attained  and  with  the  kinds  of 
materials  available  in  the  classroom. 

This  Guideboo\  is  concerned  primarily  with 
the  more  effective  use  of  the  textbook.  Sugges- 
tions for  setting  up  desirable  activities  using 
text  materials  with  different  types  of  organiza- 
tions will  be  found  on  pages  14-16  of  this 
Guideboo\.  There  are  also  many  suggestions 
for  doing  experiments,  taking  field  trips,  etc. 
These  suggestions  will  be  found  for  the  most 
part  on  pages  13-16  of  this  Guideboo\.  A dis- 
cussion of  “Using  the  pictures  in  the  book” 
will  be  found  on  pages  17-18. 

3.  Learning,  to  be  effective,  must  be  based 
on  the  experiences  that  the  child  has  had  or  is 
having.  This  implies  that  new  concepts  must 
be  based  on  an  adequate  background  of  first- 
hand experiences.  The  more  closely  related  the 
first-hand  experiences  of  children  are  to  the 
concept  that  is  being  developed,  the  more  mean- 
ingful the  concept  will  be.  This  principle  is 
especially  important  in  starting  new  units  or 
new  problems.  Suggestions  for  its  application 
are  given  on  pages  12-14  of  this  Guideboo\. 

4.  The  learning  activities  must  be  adapted 
to  the  individual  needs  of  the  child.  This  means 
that  a wide  variety  of  activities  should  be  car- 
ried on.  Different  activities  attack  concepts  from 
different  angles  and  thus  obtain  greater  depth 
of  meaning.  Furthermore,  some  methods  of 
development  are  more  effective  than  others  for 
different  children.  Reading,  doing  experiments, 
making  observations,  interpreting  pictures, 
planning  ways  of  finding  out  things,  etc.,  call 
for  different  types  of  thinking.  A many-angled 
approach  is  most  likely  to  provide  activities 
that  are  appropriate  for  children  with  different 
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interests  and  abilities.  Suggestions  for  different 
types  of  activities  are  included  on  pages  12-19 
of  the  Guideboo\  and  also  in  the  procedures 
suggested  for  each  unit. 

5.  Learning , to  be  retained , must  be  used. 
This  principle  has  two  implications.  In  the  first 
place,  it  implies  that  activities  must  be  set  up 
which  require  the  pupil  to  use  the  concept  as  a 
basis  for  explaining  things  around  him  and  as 
a guide  for  practical  activities.  Only  through 
use  does  the  child  acquire  an  understanding 
and  the  ability  to  use  this  understanding  in  his 
daily  life.  The  more  closely  the  kind  of  activity 
set  up  is  related  to  the  kind  of  situation  that  is 
met  in  daily  life,  the  more  likely  it  is  that  the 
learning  will  transfer  to  daily  living. 

In  the  second  place,  the  principle  implies  the 
necessity  for  constant  use  of  the  concept  and  its 
reinterpretation  in  the  light  of  new  experiences. 
Old  concepts  must  be  constantly  related  to  new 
concepts  so  that  a continuous  reconstruction 
of  experience  can  take  place. 

In  the  pupil’s  book,  common  situations  in 
the  lives  of  children  are  used  to  introduce 
children  to  the  problems.  The  examples  apply- 
ing the  concepts  are  also  of  this  type.  In  this 
way,  the  concept  is  related  to  life  itself.  Ques- 
tions that  children  usually  raise  about  the 
concepts  are  raised.  Then  the  children  are 
shown  how  to  use  the  concepts  to  answer  these 
questions  or  to  do  other  things.  The  teacher 
should  know  what  kinds  of  questions  to  ask 
children.  Various  types  of  questions  will  be 
found  in  the  discussions  of  the  different  kinds 
of  activities  on  pages  12-19  of  the  Guideboo\. 

The  teaching  cycle 

The  teaching  cycle,  to  be  effective,  must 
parallel  the  method  of  thinking  to  be  used  in 
the  learning  cycle.  It  must  insure  that  the  child 
actually  follows  through  the  steps  in  thinking. 
This  is  done  by  setting  up  appropriate  activities 
in  each  step  of  the  cycle. 

The  principles  of  learning  may  be  made 
more  specific  by  showing  how  they  are  applied 
in  teaching  a generalization  of  science. 


1.  There  must  he  a stimulus  to  initiate  learn- 
ing. In  science,  the  stimulus  must  present  a 
problem,  because  an  understanding  is  obtained 
only  through  thinking.  To  present  a problem, 
the  situation  must  be  meaningful  to  the  learner; 
that  is,  it  must  be  connected  with  some  experi- 
ence he  has  had  or  is  having;  and  the  situation 
must  be  sufficiently  concrete  and  interesting  to 
challenge  the  pupil  to  find  a solution.  Solving 
the  problem  is  the  purpose  in  the  mind  of  the 
child.  Ways  of  raising  problems  in  the  minds 
of  pupils  are  discussed  under  “Starting  a new 
unit  or  problem,”  page  12  of  the  Guideboo\. 

2.  There  must  be  a period  of  assimilation  or 
experience  getting . Pupils  are  sent  to  their  text- 
book and  other  books,  experiments  are  per- 
formed, field  trips  are  taken.  In  fact,  all  sources 
that  will  supply  needed  facts  and  experiences 
are  used.  This  period  will  always  culminate 
in  activities  that  require  the  pupils  to  gener- 
alize. Suggestions  for  using  the  book,  perform- 
ing experiments,  and  carrying  on  other  activi- 
ties are  included  on  pages  12-19  of  the  Guide- 
boo^. 

When  a pupil  has  made  the  generalization, 
he  has  arrived  at  the  point  where  he  catches 
the  idea;  that  is,  he  sees  the  relationship  vaguely. 
If  left  at  this  point  (and  many  teachers  allow 
this  to  happen),  he  has  not  attained  real  learn- 
ing. Therefore,  the  next  step  is  extremely  im- 
portant. 

3.  The  generalization  must  be  made  mean- 
ingful. This  is  a period  of  teacher-pupil  activity 
in  which  the  teacher  tries  to  show  some  of  the 
applications  of  the  generalization:  (1)  how  to 
use  it,  (2)  where  it  is  used,  and  (3)  when  it  is 
used.  In  the  text,  applications  of  the  generaliza- 
tion follow  the  development  of  the  gener- 
alization. They  take  the  form  of  new  examples 
or  problematic  situations  that  are  solved  by  use 
of  the  generalization.  The  specific  suggestions 
for  each  unit  provide  additional  examples  to 
help  make  the  generalization  clear.  This  con- 
cludes the  part  of  the  teaching  cycle  in  which 
the  aim  is  to  get  across  the  understanding. 

4.  Practice  in  the  use  of  the  new  understand- 
ing must  be  provided.  The  pupil  must  be  pro- 


vided with  situations  in  which  he  uses  the 
generalization  for  predicting,  planning,  and  ex- 
plaining. Since  the  understanding  does  not 
function  unless  it  transfers  to  daily  life,  the  situ- 
ations must  be  common  in  the  environment  of 
the  child.  The  greater  the  number  of  these  situ- 
ations, the  more  likely  that  the  generalization 
will  be  functional  in  actual  life.  The  questions 
at  the  ends  of  problems  and  units  help  provide 
these  situations. 

As  a result  of  this  step,  the  pupil  arrives  at 
a point  of  functional  understanding.  He  can 
now  use  his  understanding  in  situations  appro- 
priate to  his  level  of  development.  In  other 
words,  he  has  arrived  at  a point  of  intelligent 
behavior.  This  method  of  developing  a func- 
tional understanding  is  the  method  of  thinking 
used  by  anyone  who  really  carries  on  a com- 
plete act  of  thought. 

Organization  of  this  series 

The  Discovering  Our  World  series  is  the 
result  of  a definite  demand  from  teachers  for 
a well-balanced,  organized  course  in  science, 
focused  on  acquiring  meanings  that  will  func- 
tion in  intelligent  living.  It  is  not  just  a collec- 
tion of  facts  about  bees,  butterflies,  and  beavers. 
Interesting  though  these  facts  may  be,  they  are 
not  sufficiently  general  in  their  meaning  to  pro- 
vide a basis  for  explaining  the  world  or  for 
solving  our  everyday  problems. 

In  this  series,  the  content  is  definitely  focused 
on  the  acquisition  of  general  meanings.  These 
general  meanings  are  developed  by  the  problem 
method  of  attack.  Problems,  or  questions,  arise 
from,  and  thinking  starts  with,  doubt  or  per- 
plexity. A person  has  something  to  do  or  some- 
thing that  he  wants  explained ; but  he  does  not 
know  what  to  do  or  how  he  can  explain  away 
his  perplexity.  This  starts  his  mind  searching 
for  a way  out  of  his  difficulty.  He  begins  to 
think.  In  general,  the  pattern  of  effective  think' 
ing  is  as  follows: 

1.  Recognizing  the  problem  to  be  solved. 

2.  Recalling  experiences  that  may  help  to 
solve  the  problem. 
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3.  Searching  for  new  facts  that  may  bear  on 
the  problem. 

4.  Evaluating  the  suggestions  that  come  to 
mind  and  selecting  the  one  that  appears  most 
promising. 

5.  Testing  the  suggestion  for  its  truth. 

6.  Drawing  a conclusion  and  testing  the 
conclusion  for  its  truth  in  other  situations. 

If  study  materials  are  to  help  pupils  do  better 
thinking,  the  materials  must  be  organized  and 
the  ideas  developed  in  such  a manner  that  they 
follow  this  general  pattern  of  effective  thinking. 
For  this  reason,  the  problem  method  of  attack 
has  been  used  throughout  the  series. 

Each  unit  deals  with  a major  problem  in  the 
environment  of  the  child.  The  unit,  or  major 
problem,  is  then  broken  down  into  minor  prob- 
lems. The  solution  of  each  minor  problem  is 
essential  to,  and  leads  toward,  the  solution  of 
the  major  problem  of  the  unit.  A glance  at  a 
unit  and  its  subdivisions  in  the  table  of  Con- 
tents (pages  3-5  of  the  pupil’s  book)  will  show 
this.  The  child  is  confronted  with  a major  prob- 
lem. To  solve  this  problem,  he  must  think 
through  minor  problems.  As  he  acquires  an  un- 
derstanding of  the  generalizations  and  prin- 
ciples involved  in  each  minor  problem,  he  is 
building  up  an  understanding  of  the  major 
problem  of  the  unit. 


Each  new  idea  in  Discovering  Our  World  is 
presented  in  such  a manner  that  it  becomes 
a problem  for  the  child  to  solve.  The  text  says 
to  the  young  learner,  “You  have  seen  this  hap- 
pen, or  you  have  had  that  happen  to  you.  Now 
let’s  see  if  we  can  find  out  why  it  happened. 
First  of  all,  just  what  did  happen,  and  what 
were  the  conditions  under  which  it  happened?” 
This  is  no  didactic,  passive  approach  to  learn- 
ing. It  is  a pupil-activity,  problem-solving  ap- 
proach: “Let’s  do  something  to  see  what  we 
can  find  out  in  answer  to  our  question.”  That 
is  the  spirit  and  the  method  of  presenting  and 
developing  new  ideas  in  the  Discovering  Our 
World  series. 

This  treatment  of  science  principles  leads  the 
child  inductively,  by  experiments  and  observa- 
tions, toward  the  acquisition  and  understand- 
ing of  the  principles.  At  every  step,  the  spirit 
of  problem  solving,  the  spirit  of  discovery,  is 
maintained.  The  organization,  pictures,  experi- 
ments, observations,  exercises,  and  activities  in 
the  books  of  this  series  are  focused  on  two  ob- 
jectives: (1)  the  development  of  meanings 
and  (2)  the  development  of  better  methods  of 
thinking.  This  focus  is  maintained  by  a teach- 
ing technique  based  on  problem  solving.  A 
child  cannot  memorize  his  way  through  these 
books;  he  must  thin\  his  way  through  them. 


How  to  Use  This  Book 


Fitting  the  boo\  to  local  conditions 

The  pupil’s  book  includes  enough  material 
for  those  schools  where  full  time  is  allowed  for 
science  as  an  established  part  of  the  curriculum. 
In  such  schools,  the  pupils  probably  will  cover 
all  of  the  units,  including  the  questions  and  ac- 
tivities suggested.  They  may  further  enrich  the 
science  course  by  doing  outside  reading  and 
engaging  in  additional  activities  according  to 
their  own  interests. 


In  many  school  systems,  science  is  introduced 
in  the  first  grade.  Children  will,  therefore,  have 
many  concepts  that  contribute  to  the  under- 
standing of  the  concepts  presented  in  the  text. 
To  assist  teachers  in  discovering  this  back- 
ground, the  authors  have  listed  at  the  beginning 
of  each  unit,  the  background  units  found  in  the 
earlier  books  of  the  Basic  Studies  in  Science 
program.  Reference  to  these  books  will  give 
teachers  an  idea  of  the  experiences  on  which 
they  can  build  the  new  concepts.  Teachers  are 
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urged  to  become  familiar  with  the  concepts 
taught  in  preceding  grades.  In  many  cases,  re- 
calling these  earlier  experiences  will  bring 
about  a decided  saving  in  time.  Furthermore,  it 
will  help  pupils  reinterpret  these  earlier  experi- 
ences in  the  light  of  the  more  comprehensive 
concepts  presented  in  the  later  grades. 

In  schools  where  time  is  limited,  it  may  be 
necessary  to  shorten  the  course  somewhat.  This 
can  best  be  done  by  covering  some  units  rapidly, 
without  stopping  for  detailed  development, 
while  others  may  be  more  carefully  developed 
with  all  the  suggested  activities  carried  out. 
However,  it  is  not  wise  to  omit  units  or  parts 
of  units.  A unit  that  is  unrelated  to  others 
within  a book  may  be  necessary  for  the  under- 
standing of  concepts  presented  in  later  books. 
For  example,  in  Book  One  the  unit  on  magnets 
(Unit  6)  is  not  related  to  other  units  of  Book 
One.  But  an  understanding  of  magnets  is  pre- 
supposed in  the  unit  on  energy  (Unit  2)  in 
Book  Two  and  in  the  unit  on  electric  current 
(Unit  5)  in  Book  Three.  The  section  “Science 
background”  in  Part  Two  of  the  Guideboo\ 
shows  the  interrelationships  of  the  units  in  the 
series.  The  series  has  been  carefully  planned  as 
part  of  an  organized  program  in  science  and 
is  most  satisfactorily  used  as  such. 

General  suggestions  for  teaching  the 
units 

Many  teachers  have  had  little  or  no  experi- 
ence in  teaching  science.  Yet  science  is  not 
difficult  to  teach.  First  of  all,  children  are  vitally 
interested  in  science.  This,  of  course,  means  that 
half  the  battle  is  won.  The  method  used  in 
teaching  science  is  not  greatly  different  from 
that  used  in  other  subjects  where  understand- 
ing of  certain  concepts  is  the  goal.  However, 
science  teaching  makes  greater  use  of  observa- 
tions, field  trips,  and  experiments  than  is  or- 
dinarily made  in  other  subjects.  The  science 
activities  in  the  middle  grades  are  very  simple. 
The  equipment  consists  of  easily  available  ma- 
terials. The  directions  given  in  the  text,  together 
with  pictures  that  show  the  materials  used  and 


how  they  are  put  together,  are  so  detailed  that 
a teacher  who  knows  little  or  nothing  about 
science  will  have  no  difficulty  in  doing  the  ex- 
periments or  carrying  out  the  other  activities. 

Needless  to  say,  the  ideal  learning  situation 
is  one  in  which  the  teacher  enlists  the  active 
cooperation  of  her  pupils  in  planning  and  car- 
rying out  the  activities  of  the  various  units.  The 
following  general  suggestions  will  be  helpful 
in  achieving  this  ideal  situation.  (Specific  sug- 
gestions will  be  found  in  Part  Two  of  the 
Guideboo\,  which  deals  with  individual  units.) 

1.  Interest  pupils  in  an  active  program  of 
observing  and  collecting  as  much  material  as 
possible  from  their  surroundings. 

2.  Encourage  boys  and  girls  to  suggest  addi- 
tional experiments,  field  trips,  and  observations. 

In  this  section  of  the  Guideboo\,  the  authors 
have  set  up  general  principles  for  using  the 
book  and  for  carrying  out  the  types  of  activities 
suggested  in  the  book.  These  general  principles 
should  be  applied  in  teaching  specific  units. 
Once  a teacher  understands  the  general  prin- 
ciples and  sees  how  they  are  applied  in  concrete 
situations,  she  will  soon  gain  skill  in  applying 
the  principles  in  new  lessons.  Of  course,  many 
teachers  do  not  need  a discussion  of  this  type. 
This  section  is  written  especially  for  those 
teachers  who  are  a little  uneasy  about  their 
ability  to  teach  science. 

Preparing  to  teach 

First  of  all,  the  teacher  must  have  clearly  in 
mind  the  science  generalization  that  she  is  try- 
ing to  teach.  She  can  use  the  list  of  concepts 
in  Part  Two  of  this  Guideboo\  to  find  out 
what  these  important  generalizations  are.  As 
she  uses  the  text,  she  must  learn  to  differen- 
tiate between  the  facts,  examples,  and  other 
assimilative  materials  and  the  generalization 
itself.  An  inexperienced  teacher  may  easily  fail 
to  do  this.  Therefore,  she  does  not  see  that  the 
text  is  focused  on  getting  across  a certain  con- 
cept. As  a result,  the  activities  set  up  in  the 
classroom  lack  focus  because  the  teacher  has 
none.  As  a first  step  in  preparing  to  teach, 
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therefore,  the  teacher  should  find  out  what  is 
the  big  idea,  understanding,  or  generalization 
that  she  is  supposed  to  get  across.  To  help  her 
see  what  the  general  concepts  are,  the  authors 
have  listed  them  at  the  beginning  of  each  unit. 
In  addition  to  this,  the  authors  have  listed  the 
concepts  for  each  subdivision,  or  problem,  of 
each  unit. 

With  her  Guideboo\  open  to  these  lists,  the 
teacher  should  read  through  the  unit  as  a whole 
and  again  through  each  problem  before  pre- 
senting it.  She  will  then  have  a clear  idea  of 
the  scope  of  the  unit  and  also  of  the  contribu- 
tion that  the  concepts  in  each  problem  make 
to  the  unit  as  a whole.  She  will  also  have  a 
clear  picture  of  the  relation  of  the  observations, 
experiments,  and  other  activities  to  the  devel- 
opment of  the  concepts.  She  will  be  able  to 
plan  ahead  for  time  and  materials  when  neces- 
sary. Specific  suggestions  for  planning  ahead 
will  be  found  in  the  sections  called  “Procedure” 
in  Part  Two  of  the  Guideboo\. 

During  the  initial  preparation  for  teaching 
the  unit,  the  teacher  should  also  look  ahead  to 
the  additional  activities  suggested  in  the 
“Things  to  Do”  sections  at  the  ends  of  the 
units.  Some  of  the  activities  are  related  to  the 
unit  as  a whole.  Others  pertain  to  certain  prob- 
lems and  are  referred  to  in  the  procedure  for 
the  problem.  Since  it  is  better  to  use  these 
activities  throughout  the  unit  rather  than  to 
wait  until  the  unit  has  been  completed,  the 
teacher  should  look  ahead  and  plan  for  the 
ones  that  she  can  use. 

Second,  the  teacher  must  find  out  what  expe- 
riences the  children  have  had  that  can  be  ex- 
plained by  the  concept.  By  questioning  the 
class,  the  teacher  should  be  able  to  discover 
just  how  far  the  pupils  have  advanced  toward 
an  understanding  of  the  concept.  However,  if 
they  have  had  no  appropriate  experiences,  the 
concept  cannot  be  taught  until  such  experiences 
have  been  acquired.  An  experiment,  observa- 
tion, or  field  trip  will  often  provide  the  needed 
experiences. 

Because  of  the  limited  science  training  of 
many  elementary  teachers,  the  authors  have 


included  some  of  the  technical  science  back- 
ground behind  the  elementary  presentation  of 
the  text.  This  will  be  found  in  the  sections 
entitled  “Information  for  the  teacher”  in  Part 
Two  of  the  Guideboo\.  Teachers  should  also 
consult  standard  high-school  texts  in  biology 
and  general  science.  These  will  give  the  de- 
sired information  without  going  into  needless 
technical  detail.  They  will  also  give  some  addi- 
tional background  as  a preparation  for  teaching 
the  unit. 

General  procedures 

Starting  a new  unit  or  problem 

The  first  teaching  situation  met  in  a new 
unit  or  problem  is  naturally  that  of  deciding 
how  to  get  started.  Shall  I have  the  pupils  read 
the  introductory  section  first  ? Shall  I raise  some 
questions  before  sending  them  to  the  book  ? 
If  so,  what  kinds  of  questions  shall  I ask? 
Shall  I start  with  a field  trip  or  a demonstra- 
tion? Shall  I tell  them  a story?  What  shall 
Ido? 

As  pointed  out  earlier  in  this  Guideboo\. , 
learning  begins  when  the  pupil  starts  to  think. 
His  thinking  starts  when  he  is  faced  with  a 
situation  in  which  he  is  not  certain  of  exactly 
what  to  do  or  /when  something  happens  that 
he  does  not  understand  and  he  wonders 
“Why?”  or  “How?”  In  other  words,  thinking 
starts  with  a doubt  or  perplexity.  There  must, 
however,  be  more  than  a perplexity;  the  pupil 
must  also  want  to  do  something  about  it. 

All  of  this  means  that  the  pupil  must  have 
a question  before  he  will  begin  to  think  and 
that  he  must  want  to  answer  this  question. 
To  start  a new  unit  or  problem,  the  teacher 
must  be  certain  that  the  pupil  has  questions 
which  he  wants  answered.  He  may  want  to 
find  answers  to  his  question  because  he  sees 
their  use  value  or  because  they  provide  for  some 
definite  need  or  simply  because  his  interest  is 
challenged  and  he  wants  to  know.  Any  of  these 
reasons  are  equally  good  for  raising  questions. 
The  importer.;:  thing  is  to  be  certain  that  the 
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child  has  some  questions  which  he  wants 
answered. 

Questions  arise  when  a person  is  in  doubt. 
No  concrete  question  can  arise,  however,  un- 
less it  is  related  to  some  past  experience  or 
present  experience.  This  is  true  because  the 
meanings  that  we  have  are  the  results  of  our 
experiences.  Without  experiences  to  give  us 
meanings,  we  cannot  have  questions  because 
we  do  not  know  enough.  We  can  only  be  con- 
fused. We  cannot  put  our  finger  precisely  upon 
the  perplexity,  and  so  we  cannot  start  to  think. 
To  start  a new  unit  or  problem,  therefore,  the 
teacher  must  relate  the  unit  to  past  experiences 
of  the  pupils  or  to  experiences  that  they  are 
now  having.  These  experiences  must  lead  into 
questions  that  the  children  cannot  answer. 
Here  are  some  of  the  methods  in  which  a new 
unit  can  be  started.  (Most  of  these  methods 
can  also  be  used  to  start  new  problems  within 
the  unit.) 

1.  As\  questions  about  experiences  that  the 
pupils  have  had  which  may  be  related  to  the 
unit.  To  use  this  approach,  first  make  a list 
of  what  children  have  probably  seen,  heard 
about,  read  about,  or  done.  Then  ask  questions 
such  as:  “Did  you  ever  see — — ?”  “What  did  it 

look  like?”  “Have  you  ever  heard  about ?” 

“Did  you  ever  make  a ?”  “Did  you  ever 

watch  someone ?”  The  purpose  of  these 

questions  is  to  get  some  facts  from  the  pupils’ 
past  experiences.  The  questions  will  also  bring 
to  light  experiences  that  the  pupils  would  never 
voluntarily  recall  because  they  would  not  see 
the  relation  of  the  experiences  to  the  new  unit. 

Now  you  are  ready  to  raise  questions.  Ac- 
cordingly, ask  questions  about  the  “how”  and 
“why”  of  these  experiences.  “How  do  you  ex- 
plain this?”  “What  made  this  happen?”  “Why 

did  you  do in  this  way?”  Use  questions 

such  as  these  to  push  the  pupils  back  further 
and  further  until  you  come  to  explanations 
that  they  cannot  make.  Write  on  the  board 
questions  that  they  cannot  answer  under  the 
heading  Questions  We  Cannot  Answer. 

With  these  questions  in  mind,  the  children 
can  read  the  introductory  section  of  the  unit 


to  see  if  they  can  find  any  answers  to  their 
questions.  Often  the  introductory  section  raises 
new  questions.  If  the  children  cannot  answer 
them,  they  should  be  added  to  the  list  on  the 
board.  (Example:  Unit  2,  page  45.) 

2.  Compare  experiences  of  pupils  with  ex- 
periences presented  in  the  text.  The  introduc- 
tory sections  of  some  units  present  experiences 
that  are  used  to  raise  questions.  If  children  have 
had  similar  experiences,  ask  questions  about 
them.  Have  the  children  tell  how  they  did  a 
certain  thing  or  describe  something  they  have 
seen.  If  a series  of  steps  is  involved,  write  them 
on  the  board. 

Then  refer  children  to  the  book  and  say, 
“Here  is  a story  that  tells  you  how  someone 
else  did  this.”  Have  pupils  read  to  find  out 
what  was  done.  Tell  them  you  are  going  to 
ask  them  to  tell  the  class,  step  by  step,  what 
was  done.  Write  these  steps  on  the  board. 
Then  have  pupils  compare  these  steps  with  the 
steps  that  they  have  listed.  Then  ask  for  reasons 
for  the  various  steps.  This  should  result  in 
questions  that  the  pupils  cannot  answer.  (Ex- 
ample: Unit  3,  page  71.) 

3.  Use  pictures  to  start  discussion  of  the  unit. 
Have  pupils  read  the  unit  title.  Then  ask  ques- 
tions about  pictures  in  the  unit  that  will  lead 
into  the  first  problem.  (Example:  Unit  9,  pages 
221-245.) 

4.  Have  pupils  read  the  unit  title.  Then  ask 
them  to  read  the  problem  titles  to  find  out 
what  kinds  of  questions  are  to  be  answered. 
Write  the  problem  titles  on  the  board  and  ask 
pupils  what  they  think  the  answer  to  each  one 
is.  This  procedure  will  help  create  interest  in 
the  unit  and  at  the  same  time  will  give  an  idea 
of  the  scope  of  the  unit;  it  may  be  used  with 
almost  any  unit.  (Example:  Unit  6,  pages  149- 
168.) 

5.  Use  the  introductory  section  to  initiate 
activities  that  will  result  in  a question.  In  some 
of  the  units,  the  introductory  section  sets  up 
activities  that  will  raise  questions.  The  text  de- 
scribes how  a group  went  about  finding  an  an- 
swer to  a question.  First,  have  pupils  read  the 
unit  title.  Then  tell  them  that  the  introductory 
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section  tells  what  one  group  did  to  get  started. 
Have  them  read  the  section  to  find  out  what 
this  group  did.  Next,  ask  questions  about  what 
this  group  did.  Then  have  the  pupils  plan  how 
they  can  carry  on  the  same  activity.  After  the 
materials  have  been  brought  in,  raise  the  ques- 
tions to  be  answered  in  the  first  problem.  The 
pupils  should  now  be  asked  to  tell  what  they 
think  should  be  done  to  answer  the  question. 
Then  compare  this  solution  with  the  method 
suggested  in  the  text.  (Example:  Unit  6,  pages 
149-150.) 

6.  Do  some  experiments.  (These  can  be  ex- 
periments suggested  by  the  book  or  experi- 
ments not  in  the  book.  The  purpose  is  to  raise 
some  questions.)  A good  way  to  start  a unit 
is  to  get  some  facts  that  require  explanation. 
This  method  is  often  used  in  the  text.  Have 
the  pupils  read  the  unit  title.  Then  tell  them 
that  the  introductory  section  tells  how  to  do  an 
experiment  to  get  some  facts.  Ask  them  to  read 
the  section  to  find  out  how  to  do  the  experi- 
ment. Next,  have  the  children  tell  how  to  do 
the  experiment  or  have  some  member  of  the 
class  do  the  experiment.  Then  make  a list  of  the 
facts  brought  out  by  the  experiment.  Call  for 
explanations  of  these  facts.  Make  a list  of  ques- 
tions about  facts  that  cannot  be  explained. 
(Example:  Unit  4,  page  103.) 

7.  Ta\e  a field  trip  to  get  some  facts  to  ex- 
plain. Whenever  possible,  the  pupils  should  get 
facts  by  first-hand  observation.  Since  the  units 
in  this  book  are  related  to  common  environ- 
mental situations,  children  can  often  be  taken 
on  walks  or  trips  where  they  can  make  observa- 
tions and  thus  get  facts  that  call  for  explana- 
tion. To  find  out  what  to  observe  and  what 
kinds  of  questions  to  ask,  read  the  problems 
of  the  unit  and  note  the  pictures  and  their 
legends.  Then  take  a walk  yourself  to  find  out 
what  things  can  be  seen.  Make  a list  of  the 
things  and  the  questions  you  can  ask  about 
them.  (Example:  Unit  1,  pages  11-13.) 

Using  the  text  to  get  ideas  needed  to  answer 
questions 

In  general,  the  text  uses  three  methods  of 
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organizing  the  study  material:  (1)  It  may  tell 
how  one  class  answered  the  question.  (2)  It 
may  answer  the  question  by  telling  the  pupils 
how  to  carry  on  certain  activities.  (3)  It  may 
answer  the  question  by  straight  exposition. 
The  method  of  using  the  text  will  necessarily 
vary  with  the  method  of  presentation  used  in 
the  text. 

1.  The  text  presents  a class  discussion.  In 
this  type  of  presentation,  the  text  presents  a 
running  account  of  a classroom  discussion.  This 
method  is  used  principally  in  the  opening  unit 
of  the  book  to  show  how  a science  class  might 
be  conducted.  The  teacher  asks  and  answers 
questions;  pupils  answer  questions  and  ask 
questions;  the  teacher  guides  the  discussion 
toward  an  understanding  of  the  concepts  that 
she  is  trying  to  get  across  by  her  questions  and 
her  follow-up  of  the  pupils’  answers.  This  type 
of  presentation  has  several  purposes. 

First,  it  presents  a pattern  for  carrying  on  a 
discussion  in  a science  class.  Teachers  who 
have  had  no  experience  in  teaching  science  will 
find  it  profitable  to  read  through  several  les- 
sons of  this  type  to  get  a better  idea  of  the 
kinds  of  questions  asked  by  the  teacher  to  keep 
the  discussion  going  and  the  ways  in  which 
the  pupils  are  brought  into  the  discussion. 
Note  that  the  pupils  are  asked  to  suggest  ways 
of  doing  things  and  that  these  ways  are  dis- 
cussed and  evaluated  by  the  pupils. 

Second,  the  children,  as  well  as  the  teacher, 
must  learn  to  participate  in  a classroom  dis- 
cussion. Unit  1,  Book  Two,  is  developed  largely 
by  this  method  so  that  pupils  may  be  intro- 
duced to  the  type  of  thinking  that  goes  on  in 
a science  class.  The  teacher  might  well  say, 
“The  class  described  in  our  text  is  carrying  on 
a discussion.  Let’s  see  how  they  do  this  so  that 
well  learn  how  to  discuss,  too.” 

Third,  presentation  of  this  type  adds  interest 
to  the  text  because  children  are  interested  in 
what  other  children  do.  They  are  also  inter- 
ested in  carrying  on  the  types  of  activities  sug- 
gested in  the  text. 

Fourth,  this  type  of  presentation  permits  a 
slow  and  easy  development  of  the  concepts. 


Each  step  in  the  development  of  the  concept 
is  included.  The  children  can  easily  follow  the 
thinking  of  the  class  and  see  how  the  class 
arrived  at  the  concept.  There  are  several  meth- 
ods of  using  this  type  of  material;  the  method 
to  be  used  depends  on  the  way  in  which  the 
material  is  developed  and  the  purpose. 

a ) The  purpose  is  to  initiate  an  activity  in 
the  class.  To  do  this,  the  text  describes  what 
one  class  did.  For  example,  let  us  suppose  that 
pupils  have  brought  various  kinds  of  things 
to  school.  The  teacher  raises  a question,  “How 
can  we  find  out  more  about  these  things?  Let 
us  see  what  the  class  in  our  text  did.”  After 
the  pupils  have  read  the  text  to  find  out  what 
the  class  did,  the  teacher  asks  questions  such 
as:  “What  was  the  class  trying  to  find  out?” 
“What  did  they  do  to  answer  the  question?” 
“Why  did  they  decide  to  do  this?”  “Could  we 
do  this?”  “How  could  we  do  this?” 

As  can  be  seen  from  the  questions,  the  major 
purpose  is  to  show  the  pupils  what  they  can  do. 
The  suggested  activity  should  be  carried  on 
whenever  possible.  While  it  may  be  possible 
to  get  an  understanding  merely  by  reading  and 
discussing  the  text,  there  is  no  substitute  for 
actual  experience.  Note  that  the  questions  asked 
by  the  teacher  call  for  more  than  repeating 
what  the  text  says.  They  raise  questions  about 
the  “how”  and  the  “why”  of  the  activity.  (Ex- 
ample: Unit  5,  pages  126-129.) 

b ) Sometimes  it  is  better  to  raise  a question 
and  either  suggest  or  have  the  pupils  suggest 
what  they  might  do  to  answer  it.  Then  have 
the  pupils  go  as  far  as  they  can  in  answering 
the  question.  The  children  can  then  be  referred 
to  the  text  to  find  out  if  the  class  described 
answered  the  question  in  the  same  way  or  in  a 
different  way.  Then  have  the  children  find  the 
ways  in  which  their  answer  was  like  or  differ- 
ent from  what  the  class  in  the  text  found. 
(Example:  Unit  1,  pages  13-18.) 

c)  As  a rule,  pictures  are  included  that 
show  how  the  class  described  carried  on  the 
activity  or  that  show  the  finished  product  of 
their  activity.  The  teacher  asks  questions  such 
as:  “What  is  the  class  doing?”  “Why  are  they 


doing  this?”  “Can  we  do  this?”  “How  did  they 
do  this?”  before  the  pupils  read  the  text.  Re- 
discussion of  the  pictures  on  the  basis  of  what 
the  pupils  find  out  can  follow.  (Example : Unit 
2,  page  54.) 

2.  The  concepts  are  developed  by  raising 
questions  and  answering  these  questions  by 
making  observations  and  doing  experiments. 
Science  differs  from  the  other  subjects  studied 
in  the  elementary  school  in  that  the  questions 
which  arise  can  be  answered  by  observation 
and  experiment.  Through  the  use  of  these  two 
activities,  the  pupils  can  get  first-hand  informa- 
tion. They  can  then  base  their  thinking  on  facts 
that  are  meaningful  to  them.  Throughout  this 
book,  experiments  and  observations  have  been 
introduced  wherever  possible.  This  has  been 
done  for  two  reasons:  (1)  because  all  learning 
focused  on  understanding  must  be  based  on  a 
background  of  perceptual  experiences,  that  is, 
on  information  that  the  pupil  can  get  with  his 
own  senses;  and  (2)  because  pupils  should  ac- 
quire the  attitude,  “If  we  have  questions  or 
want  to  find  out  about  something,  we  can  do 
experiments  (or  make  observations)  that  will 
answer  our  questions.” 

Experiments  and  observations  are  intro- 
duced in  this  book  to  provide  facts  that  are 
needed  to  answer  some  questions.  A statement 
in  the  text  is  made  more  meaningful  by  doing 
an  experiment  or  making  an  observation.  Or 
the  experiment  is  done  or  the  observation  made 
to  answer  a question  that  has  been  raised  in 
the  text  just  preceding  the  experiment. 

Before  the  text  is  read,  the  teacher  should 
(1)  raise  questions  about  past  experiences  of 
pupils  such  as  were  suggested  in  the  section 
dealing  with  starting  a new  unit  and  (2)  raise 
the  question  that  the  experiment  or  observation 
is  to  answer.  Then  ask  the  children,  “How 
can  we  do  an  experiment  to  find  out?”  (It  is 
always  good  practice  to  have  children  suggest 
possible  ways  of  doing  an  experiment.  Many 
of  them  may  be  good  enough  to  try.) 

Now  that  the  question  is  raised,  the  chil- 
dren can  be  referred  to  the  book  for  directions. 
The  teacher  can  say,  “Our  book  tells  us  how 
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to  do  an  experiment  to  answer  our  question. 
After  you  read  the  directions,  I am  going  to 
ask  you  to  decide  what  to  do.”  Write  What  to 
do  on  the  board  and  then  have  the  children 
tel)  what  directions  to  write. 

Make  the  directions  as  brief  as  possible.  If 
a simple  diagram  can  be  made,  have  pupils 
tell  how  to  make  the  drawing.  If  they  do  not 
know,  show  them.  This  is  valuable  because 
pupils  have  to  learn  how  to  interpret  diagrams. 
Practice  in  making  diagrams  will  help  them 
learn  how  to  interpret  diagrams. 

Now  ask  the  pupils  what  they  think  will 
happen.  Get  them  to  predict.  This  is  effective 
because  (1)  you  can  ascertain  from  their  an- 
swers whether  or  not  they  understand  what  is 
going  to  be  done;  (2)  you  can  see  if  they  know 
what  to  look  for;  (3)  you  can  make  them  com- 
mit themselves  and  make  them  interested  in 
seeing  whether  they  are  right  or  wrong. 

Next,  get  them  to  understand  what  the  ex- 
periment will  show  if  a certain  thing  happens 
when  the  experiment  is  performed.  Ask  them, 

“If happens,  what  will  this  show?”  Then 

do  the  experiment.  Write  on  the  board  What 
happens.  Have  the  children  decide  what  to 
write.  Then  raise  the  question,  “What  does 
this  seem  to  show?”  Write  What  the  experi- 
ment shows  on  the  board.  Have  the  children 
tell  what  to  write. 

Whenever  possible,  the  step  of  verification 
should  be  used.  Ask,  “Is  there  any  experiment 
we  can  do  to  prove  that  we  are  right?”  In  many 
cases,  such  an  experiment  is  included  in  the 
text.  If  this  is  the  case,  have  the  children  read 
the  experiment  and  record  the  results  under  the 
steps  already  listed.  Then  have  the  children 
work  out  a conclusion.  The  conclusion  should 
answer  the  question  and  give  reasons  for  the 
answer. 

After  all  of  the  experiments  have  been  per- 
formed, raise  the  questions,  “What  facts  do  our 
experiments  give  us  that  we  can  use  to  answer 
our  question?”  “What  facts  does  the  book  give 
us?”  The  facts  from  both  sources  should  be 
incorporated  into  the  answer  for  the  problem. 
(Example:  Unit  2,  pages  59-61.) 


3.  Concepts  are  developed  by  raising  ques- 
tions and  answering  these  questions  through 
presentation  of  reading  material  of  a descrip- 
tive nature.  Whenever  possible,  experiments 
and  observations  are  used  to  develop  the  science 
concepts.  Sometimes,  however,  it  is  impossible 
to  provide  experiments  that  are  sufficiently  sim- 
ple to  be  carried  on  by  middle-grade  children 
or  that  do  not  require  laboratory  facilities 
beyond  the  resources  of  the  elementary  school. 
It  is  equally  impossible  to  provide  for  actual 
observation  of  all  living  things  in  their  natural 
habitats.  Accordingly,  the  text  must  provide 
factual  material  based  on  the  observations  of 
scientists.  It  should  be  emphasized  that  the  facts 
have  been  acquired  by  experimentation  and 
observation.  This  point  of  view  can  be  devel- 
oped by  asking  such  questions,  as  “How  do 
you  suppose  that  scientists  found  out  about 
this?”  “What  might  we  do  to  prove  this?” 
“Why  can  we  believe  that  this  is  true?” 

The  method  of  developing  the  concept,  of 
course,  depends  on  the  kinds  of  concepts  that 
are  being  developed.  For  example,  if  the  con- 
tent is  focused  on  showing  the  children  how 
some  device  works,  the  development  will  be 
somewhat  as  follows:  (1)  what  the  device  does, 
(2)  how  it  is  put  together,  (3)  how  it  is  made 
to  work,  and  (4)  an  explanation  of  what  hap- 
pens when  the  device  is  operated.  If  the  content 
is  focused  on  the  development  of  the  charac- 
teristics of  a group  of  living  things,  materials, 
etc.,  various  members  of  the  group  are  de- 
scribed; and  then  the  characteristics  common 
to  all  members  of  the  group  are  discussed.  If 
the  concept  is  focused  on  some  relationship, 
specific  examples  of  the  relationship  are  pre- 
sented; and  then  generalizations  are  made 
about  this  relationship. 

The  pupil’s  book  provides  the  necessary  in- 
formation. It  should  be  pointed  out  here  that 
the  facts  included  in  the  book  are  a means  to 
acquiring  the  concept.  The  ability  to  repeat 
verbatim  what  the  book  says  does  not  neces- 
sarily mean  that  the  child  has  acquired  the 
idea.  Suggestions  for  developing  the  concepts 
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are  found  under  the  heading  “Procedure”  in 
each  problem  of  the  Guideboo\. 

Using  the  pictures  in  the  book 

In  Discovering  Our  World,  Boo\  Two,  as  in 
all  the  books  of  the  Basic  Studies  in  Science 
program,  the  pictures  are  functional.  They  are 
an  essential  part  of  the  method  of  developing 
the  concept.  Each  picture  has  a definite  purpose 
to  serve.  For  example,  some  pictures  are  used 
to  raise  questions,  some  are  used  to  show  steps 
in  a process,  some  are  used  to  show  how  an 
experiment  should  be  performed,  some  are  used 
to  supply  additional  applications  of  a process, 
and  some  are  used  to  provide  for  practice  in 
interpreting.  Pictures  may  be  a substitute  for 
the  actual  experience.  They  make  it  possible 
for  the  child  to  experience  vicariously  the  ex- 
periences that  others  have  had.  They  bring  the 
near  and  far  environment  into  the  classroom. 

To  use  the  pictures  effectively,  the  teacher 
must  study  each  picture  to  see  how  it  can  be 
used  to  assist  in  learning.  First,  she  should 
understand  what  the  purpose  of  the  picture  is. 
Then  the  question  is,  “How  can  the  picture  be 
used  for  this  purpose?”  This  is  a matter  of  de- 
termining what  questions  to  ask  about  it  or 
what  activities  to  set  up  that  will  make  the 
picture  serve  its  purpose.  The  following  exam- 
ples show  how  to  use  pictures  in  this  manner. 

1.  Using  pictures  to  raise  questions.  Pictures 
used  for  this  purpose  usually  have  the  legend 
in  the  form  of  a question.  The  problem  may 
be  introduced  by  asking  pupils  to  look  at  the 
picture  and  answer  the  question.  Then  they 
may  be  directed  to  read  the  problem  title  and 
the  text  to  find  out  if  their  answer  to  the  ques- 
tion was  correct.  The  original  answer  can  then 
be  corrected  in  light  of  what  they  have  found 
out  from  their  study.  If  the  original  answer  is 
incorrect  or  partially  incorrect,  the  children 
should  be  asked  why  it  was  incorrect.  (Exam- 
ples: Unit  2,  pages  49,  51,  113.) 

2.  Using  pictures  to  show  how  to  carry  on 
some  activity.  The  text  describes  an  experiment 
to  perform  or  an  observation  to  make.  The  pic- 
ture shows  some  children  carrying  on  the  ac- 


tivity. The  purpose  is  to  help  pupils  see  how  the 
activity  is  carried  on.  There  are  several  ways 
of  using  these  pictures. 

a)  Have  the  children  read  through  the  direc- 
tions in  the  text.  Then  refer  to  the  picture. 
Ask  questions  such  as:  “What  things  is  the  boy 
using?”  “What  is  he  doing?”  “What  is  he  try- 
ing to  find  out?”  “Can  we  do  this  experi- 
ment?” “What  shall  we  do?”  (Example:  Unit 
3,  pages  82-86.) 

b)  After  the  question  is  raised,  have  the 
children  look  at  the  picture  before  reading  the 
text  for  directions.  Then  ask  questions  such  as 
those  above.  Then  have  the  children  read  the 
text  to  find  out  more  exactly  what  the  boy  is 
trying  to  find  out,  what  materials  he  needs, 
and  what  he  is  doing.  (Example:  Unit  4, 
page  107.) 

c)  Sometimes  the  materials  and  equipment 
in  the  picture  may  not  be  available  in  the 
school.  In  this  case,  the  picture  can  be  substi- 
tuted for  the  direct  experience.  In  some  cases, 
other  kinds  of  materials  or  equipment  can  be 
used.  Ask  children  how  they  might  do  the 
experiment  with  other  equipment  that  is  avail- 
able. (Examples:  Unit  4,  page  105;  Unit  5, 
pages  136-137.) 

Often  the  pictures  merely  show  the  appara- 
tus needed  and  methods  of  constructing  the 
apparatus.  It  is  necessary  to  refer  to  the  text  to 
find  the  directions  for  doing  the  experiment. 
Ask  questions  such  as:  “What  do  we  need  to 
do  the  experiment?”  “How  shall  we  put  the 
parts  together?”  “What  do  the  pictures  tell  us 
to  do?”  Examination  of  the  picture  should  be 
followed  by  having  the  pupils  read  the  text 
to  check  the  information  that  they  get  from  the 
picture.  (Example:  Unit  9,  page  223.) 

3.  Using  pictures  to  ma\e  graphic  a concept 
developed  in  the  text.  Without  a picture,  de- 
scription is  often  difficult  to  understand.  Pupils 
cannot  always  visualize  what  is  described.  Pic- 
tures also  make  it  possible  to  show  things  that 
the  child  has  not  experienced  or  could  not  ex- 
perience in  his  everyday  environment.  For  ex- 
ample, the  pictures  on  pages  34  and  35,  Unit  1, 
show  the  sequence  of  events.  Questions  about 
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the  pictures  should  connect  what  is  shown  to 
the  concept.  Questions  such  as  the  following 
can  be  used:  “What  do  these  pictures  show?” 
“What  does  the  book  tell  us  about  these  pic- 
tures?” “What  do  these  pictures  show  about 
plants?” 

4.  Using  pictures  to  obtain  interpretation  on 
the  basis  of  a concept  that  is  presented.  An 
essential  part  of  all  learning  is  use  of  what  has 
been  learned.  Use  of  a concept  in  the  interpre- 
tation of  a picture  helps  make  the  concept  more 
meaningful.  Many  pictures  of  this  type  are  in- 
cluded in  the  book.  Usually  there  is  a legend 
with  a question.  Or  a question  may  be  included 
at  the  end  of  the  problem.  (Examples:  Unit  3, 
page  77,  No.  1;  page  87,  legend  under  picture; 
page  100,  No.  1;  page  92,  legend  over  picture; 
Unit  5,  page  146,  Nos.  3 and  9.) 

Without  the  use  of  pictures,  it  is  almost  im- 
possible to  teach  how  a device  is  constructed. 
Children  find  it  difficult  to  visualize  a long 
description  of  the  parts  of  a device  and  the  re- 
lation of  these  parts  to  each  other.  The  follow- 
ing questions  will  help  pupils  analyze  the 
device  and  see  how  it  works:  “What  is  the 
name  of  the  device?”  “What  does  it  do?” 
“What  are  its  parts?”  “About  how  large  is  a 
real  device  of  this  kind?”  “When  this  part 
moves,  what  does  that  part  do?”  “What  are 
the  different  steps  in  its  operation?”  “What 
happens  in  each  step?”  “How  can  we  explain 
what  happens?”  “Where  is  this  device  used?” 
“Who  uses  a device  such  as  this?”  “Have  you 
ever  used  a device  like  this?”  “What  for?” 
“How  should  the  device  be  taken  care  of?” 
(Examples:  Unit  2,  page  54;  Unit  3,  page  88.) 
Pictures  of  parts  of  plants  and  how  they  work 
are  used  in  this  way  also.  (Examples:  Unit  8, 
pages  210,  213,  215.) 

Using  the  questions  at  the  ends  of  problems 

The  questions  found  at  the  ends  of  the  prob- 
lems also  are  focused  on  the  important  con- 
cepts. The  final  step  in  each  problem  is  to  have 
the  children  answer  the  questions  raised  at  the 
beginning  of  each  problem.  Usually,  it  is  worth- 
while to  write  an  outline  answer  on  the  board. 


The  outline  should  be  developed  by  the  chil- 
dren. In  general,  it  should  correspond  closely 
with  the  outline  of  concepts  presented  in  the 
Guideboo\.  If  children  fail  to  include  a certain 
concept,  the  teacher  should  raise  questions  that 
will  bring  out  the  concept.  For  example:  “You 

remember  we  read  about . What  does  this 

show?  How  do  these  facts  help  us  answer  our 
question?”  Or  the  children  may  be  asked  to 
reread  some  part  of  the  problem  and  the  ques- 
tions above  may  be  asked. 

The  activity  at  the  end  of  each  problem  is 
a generalizing  activity.  The  children  must  be 
led  to  see  that  the  facts  presented  in  the  book 
are  important  because  they  enable  the  children 
to  get  ideas  about  things  that  can  be  used  to 
find  out  more  about  other  things.  For  example, 
when  the  pupils  find  that  mammals  have  cer- 
tain characteristics,  these  characteristics  tell 
them  about  other  mammals  and  also  help  them 
decide  if  a certain  animal  is  a mammal. 

The  questions  at  the  ends  of  problems  are 
of  two  types.  The  first  of  these  two  types  is 
designed  to  test  the  child’s  understanding  of 
the  study  material.  Questions  of  this  type  can 
be  answered  if  the  child  understands  what  he 
has  read.  They  correspond  roughly  with  the 
questions  used  to  test  reading  comprehension 
in  standardized  tests.  The  second  type  of  ques- 
tion calls  for  some  thinking  on  the  part  of  the 
child.  It  may  require  the  recall  of  experiences 
similar  to  those  presented;  it  may  call  for  clas- 
sification of  objects  or  events  based  on  certain 
group  characteristics;  it  may  call  for  the  inter- 
pretation of  a picture  on  the  basis  of  some  con- 
cept that  has  been  studied;  it  may  call  for 
comparisons;  or  it  may  call  for  reasons  for 
carrying  on  an  activity  in  a certain  way.  These 
questions  are  designed  to  give  the  children 
practice  in  the  use  of  the  concept. 

The  questions  may  be  used  in  several  ways. 
After  the  problem  title  has  been  read,  the  chil- 
dren can  be  referred  to  the  questions  at  the  end 
of  the  problem  to  find  out  what  they  must  be 
able  to  answer  after  they  have  studied  the  text. 
It  is  often  desirable  to  have  them  try  to  answer 
the  questions  before  the  text  is  studied.  After 
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studying  the  text,  they  can  compare  their  orig- 
inal answers  with  the  ones  that  they  now  give. 
This  method  of  study  shows  the  children  that 
they  have  learned  something;  they  can  answer 
questions  that  they  could  not  answer  before. 

Or  the  text  may  be  studied  before  reading 
the  questions.  Then  read  the  first  question  to 
the  children  and  call  for  an  answer.  This  may 
be  given  orally  or  sometimes  in  writing.  The 
teacher  should  distinguish  between  the  infor- 
mation-type questions  and  the  application- 
type  questions.  Children  are  accustomed 
mainly  to  questions  that  can  be  answered  di- 
rectly by  the  recall  of  something  which  they 
have  studied.  When  an  application-type  ques- 
tion is  asked,  they  should  be  told  that  they  will 
have  to  think  out  the  answer  because  it  is  not 
in  the  text.  Occasionally,  when  they  cannot  get 
started  on  the  answer,  the  teacher  may  have 
to  ask  them  what  they  learned  from  their  study. 
This  might  be  written  on  the  board.  Then  say, 
“How  does  this  help  us  answer  our  question?” 
They  must  understand  that  what  they  learn  can 
be  used  to  answer  other  questions. 

The  information-type  questions  at  the  ends 
of  the  problems  can  also  be  used  as  a basis 
for  a summary.  First,  write  the  problem  title  on 
the  board.  Then  call  for  the  answers  to  the 
questions.  Write  the  answers  on  the  board  as 
briefly  as  possible.  Then  help  the  children  con- 
dense the  answers  to  the  different  questions 
into  a single  answer  to  the  problem. 

Using  the  “Questions  to  Answer”  at  the  ends 
of  units 

The  “Questions  to  Answer”  at  the  ends  of 
units  are  so  stated  as  to  require  a broader  asso- 
ciation of  meanings  than  is  called  for  by  ques- 
tions at  the  end  of  each  problem.  They  call  for 
integration  of  ideas  obtained  from  different 
problems  and  for  interpretation  of  situations 
on  the  basis  of  ideas  obtained  from  the  whole 
unit. 


The  “Questions  to  Answer”  should  be  dis- 
cussed after  the  problems  of  the  unit  have  been 
completed.  Children  should  learn  to  give  evi- 
dence for  their  answers.  One  method  of  stress- 
ing this  is  to  have  children  be  prepared  to  cite 
references  in  the  text,  which  they  used  as  a 
basis  for  their  answers.  When  they  start  find- 
ing the  answers  to  the  questions,  tell  them  to 
look  back  through  the  unit  and  find  a para- 
graph, a sentence,  or  a picture  which  they  can 
use  to  prove  that  their  answer  is  correct.  Then 
ask  them  how  this  reference  in  the  text  can 
be  used  as  proof  for  their  answer. 

Since  some  of  the  questions  are  of  the  appli- 
cation type,  children  may  sometimes  have  diffi- 
culty in  answering  these  questions  because  they 
fail  to  see  the  connection  between  the  text  and 
the  question.  If  this  happens,  refer  them  to  the 
part  of  the  text  dealing  with  the  idea  basic  to 
the  solution.  Have  them  read  it  over  and  then 
ask,  “How  can  we  use  this  idea  to  help  us 
answer  our  question?”  Every  question  in  the 
book  can  be  answered  by  using  what  the  chil- 
dren have  studied. 

Using  the  “Things  to  Do”  at  the  ends  of  units 

The  “Things  to  Do”  at  the  ends  of  units 
suggest  activities  that  make  more  meaningful 
the  ideas  in  the  units  and  bring  about  a closer 
tie-up  with  the  environment.  Usually,  the  activ- 
ities should  be  assigned  to  individuals  or  groups 
on  a voluntary  basis.  Some  time  should  be  spent 
in  class,  planning  how  an  activity  should  be 
carried  out.  This  should  be  as  nearly  pupil 
activity  as  possible,  for  the  planning  has  the 
greatest  value.  Sometimes  a group  can  be  in- 
structed to  plan  what  they  intend  to  do  and 
then  report  back  to  the  class  on  their  plans. 
Then  the  plans  can  be  evaluated  and  changed 
by  the  children.  In  this  way,  all  the  children 
will  learn  how  to  plan  science  activities;  and 
they  will  get  a better  insight  into  the  method 
used  by  scientists. 
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Part  Two  SUGGESTIONS  FOR  TEACHING  THE  UNITS 


This  part  of  the  Guideboo\  gives  specific 
information  and  suggestions  for  teaching  the 
individual  units.  If  the  teacher  has  read  Part 
One  carefully,  she  has  become  acquainted  with 
the  general  suggestions  for  handling  the  vari- 
ous types  of  teaching  situations  that  will  arise 
in  teaching  the  units.  As  she  comes  to  these 


situations  (starting  new  units  or  problems, 
doing  experiments,  etc.)  she  should  refer  to  the 
appropriate  section  in  Part  One.  Application 
of  these  general  suggestions,  together  with  the 
specific  suggestions  that  are  given  for  the  sec- 
tion being  studied,  will  help  the  teacher  ap- 
proach the  situation  with  confidence. 


Using  the  Introduction  (Pages  6-9) 


If  pupils  have  had  science  work  before,  they 
may  be  asked  to  read  these  first  pages  and 
discuss  such  questions  as : “What  do  you  think 
‘discovering  our  world’  means?”  “How  can  you 
find  answers  to  the  problems  in  science?” 
“What  are  some  cautions  we  will  need  to  use 
in  reading  this  book  and  in  using  other 
books?”  “What  are  some  rules  that  we  should 
follow  in  performing  experiments?” 

The  method  of  using  these  pages  will  de- 
pend on  the  previous  science  experience  of  the 
pupils.  If  there  has  been  no  earlier  contact  with 
science,  frequently  the  best  attack  is  one  that 
assumes  that  the  pupils  know  nothing  of  the 
subject  itself  and  then  proceeds  to  find  out 
what  experiences  the  pupils  have  had  that  will 
be  helpful  as  an  introduction. 

These  pages  should  help  orient  the  pupil  to 
the  subject  of  science  if  he  has  had  no  previous 
acquaintance  with  it,  or  they  should  expand 
the  horizon  of  science  experiences  that  he  may 
have  had  in  earlier  grades.  The  discussion  in 
these  pages  introduces  the  concept  of  what 
science  is,  who  scientists  are,  and  what  their 
methods  are.  If  there  has  been  no  earlier  science 
experience,  the  first  class  sessions  might  well  be 
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spent  letting  pupils  express  themselves  on  such 
questions  as  these : “What  do  you  think  science 
is  about?”  “What  do  you  think  a scientist 
does?”  “Do  you  know  any  important  things 
that  scientists  have  discovered  or  invented?” 
“How  can  anyone  in  our  class  ever  become  a 
scientist?” 

Encourage  the  pupils  to  try  to  solve  the 
problems  listed  on  page  7.  This  will  create 
interest,  point  out  the  limitations  of  the  pupils’ 
knowledge,  raise  new  questions,  and  lead  into 
the  text  of  the  book.  Following  this,  the  study 
of  the  book  may  be  approached  in  some  manner 
as:  “Our  book  will  help  us  discover  some  of 
the  things  that  scientists  have  found  out  about 
these  problems.  It  will  also  show  us  how  scien- 
tists have  found  the  answers  to  these  problems 
and  many  others.  If  we  look  at  the  Contents, 
pages  3-5,  we  can  see  just  what  our  book  tells. 
We  may  also  look  through  the  book  and  see  the 
chapter  headings  and  the  pictures.” 

Note,  on  page  9,  the  reference  to  the  list  of 
Science  Words.  The  pupils  should  become  ac- 
quainted with  this  feature  of  the  book,  but 
instruction  in  how  to  use  the  list  may  be 
deferred  until  the  occasion  for  its  use  arises. 


unit  lo  How  Do  Living  Things  Help  and  Harm  Each  Other? 


Purpose  and  scope 

Through  a study  of  this  unit,  girls  and  boys 
will  become  more  keenly  aware  of  the  inter- 
relationships of  the  living  things  around  them. 
There  are  many  opportunities  for  them  to 
make  first-hand  observations  that  will  increase 
their  appreciations  of  the  living  things  that 
surround  them.  It  is  through  an  understand- 
ing of  the  habits  of  these  living  things  and 
through  learning  about  them  that  children  can 
come  to  believe  in  the  importance  of  conserva- 
tion of  living  things,  which  is  one  of  the  most 
essential  purposes  for  studying  the  unit.  Other 
aspects  of  conservation  are  emphasized  in  later 
units  of  the  textbook.  The  concepts  indicated 
at  the  beginning  of  each  problem  will  act  as 
a guide  to  the  teacher  in  helping  her  empha- 
size the  important  aspects  of  the  total  problem 
of  the  unit.  These  concepts  take  on  real  mean- 
ing for  pupils  as  they  observe  the  many  exam- 
ples in  their  surroundings,  if  the  teacher  makes 
sure  that  the  children  see  how  their  experiences 
are  related  to  the  concepts.  Field  trips  and  all 
other  kinds  of  first-hand  contacts  with  the  liv- 
ing things  around  them  are  then  very  impor- 
tant to  the  realization  of  the  purposes  for  teach- 
ing this  unit. 

Science  background 

Loo\  and  Learn : Unit  1,  Animals;  Unit  4, 
Outdoors 

All  Around  Us:  Unit  1,  Animals;  Unit  4, 
Plants 

How  Do  We  Know?:  Unit  1,  Animals;  Unit 
3,  Plants 

Discovering  Our  World,  Boo\  One:  Unit  1, 
How  Are  the  Things  of  the  World  Put  in 
Groups?  Unit  2,  Why  Do  All  Living  Things 
Need  Air  and  Water?  Unit  8,  How  Do  Ani- 
mals and  Plants  Grow? 


General  concepts 

1.  Animals  help  other  animals. 

2.  Plants  help  animals  by  providing  food 
and  shelter. 

3.  Animals  help  plants. 

4.  Plants  help  other  plants. 

5.  Plants  and  animals  harm  other  living 
things. 

6.  Plants  and  animals  are  valuable  to  us. 

7.  We  should  help  conserve  the  living  things 
that  are  valuable  to  us. 

Introducing  the  unit  (Pages  11-13) 

Information  for  the  teacher 

Pictures.  Page  10.  These  animals  are  snow 
leopards  that  are  found  high  in  the  Himalaya 
Mountains  between  Tibet  and  India.  They 
have  caught  a pheasant  for  food. 

Page  11.  The  illustration  at  the  top  of  page 
11  shows  various  ways  in  which  plants  and 
animals  are  interrelated  in  nature.  Animals  use 
plants  for  food  (squirrel  and  porcupine) ; ani- 
mals use  other  animals  for  food  (robin  and 
hawk) ; plants  use  other  plants  (bracket  fungi 
on  stump). 

Porcupines  usually  climb  into  the  higher 
branches  of  the  tree  to  find  the  buds,  small 
twigs,  and  younger  and  more  tender  bark, 
although  they  also  gnaw  the  bark  closer  to  the 
ground. 

Page  12.  If  the  bark  is  eaten  or  otherwise 
completely  destroyed  around  the  trunk  of  a 
tree,  the  tree  will  die.  The  tree  is  said  to  have 
been  girdled.  Since  the  food  travels  down  to 
the  roots  through  the  inner  bark,  the  roots  die 
if  this  passage  is  interrupted  by  girdling.  When 
the  roots  die,  of  course,  the  whole  tree  dies. 

Text.  Page  11.  The  first  stage  of  a clam  is 
really  a larva  and  does  not  look  at  all  like  the 
adult.  It  has  a shell  armed  with  tiny  hooks, 
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which  open  and  close  continually.  The  fish 
takes  in  water  through  its  mouth  and  expels 
it  through  its  gills.  When  the  clam  larvae  enter 
with  the  water  and  touch  the  gills,  they  attach 
themselves  to  the  gill  fringes.  The  larvae  re- 
main on  the  fish  gills  for  several  weeks.  Finally, 
they  drop  off  into  the  water  and  develop  in- 
dependently. 

Procedure 

The  pictures  on  pages  10  and  11  might  well 
be  used  to  introduce  the  unit  by  asking  the 
children  these  introductory  questions:  “What 
two  kinds  of  living  things  are  shown  in  these 
pictures?”  (Plants  and  animals.)  “How  many 
examples  of  plants  and  animals  helping  and 
harming  each  other  can  you  find  in  these  pic- 
tures?” After  some  of  these  have  been  listed, 
ask  a child  to  read  the  question  that  intro- 
duces the  text  on  page  11.  Let  pupils  give 
their  ideas  of  how  this  could  be  possible.  Next, 
suggest  that  the  class  read  the  paragraph.  Then 
pupils  may  be  asked  to  tell  why  they  believe 
the  clams  were  disappearing.  The  next  two 
paragraphs  should  then  be  read  by  the  class. 

The  teacher  may  use  the  same  approach  with 
the  section  about  the  mountain  lion,  wolves, 
deer,  and  a forest.  Before  reading  the  remain- 
der of  this  first  section,  ask  the  children  to 
indicate  ways  that  they  may  use  in  discovering 
how  living  things  help  and  harm  each  other. 
Reading,  observing,  and  studying  are  sug- 
gested in  the  text. 

At  this  point  in  the  lesson,  the  teacher  should 
plan  with  the  children  ways  to  learn  the 
material  in  the  unit.  They  will  suggest  sources 
for  additional  reading,  places  to  go  to  observe, 
ways  to  obtain  specimens  for  observation,  etc. 
The  teacher  is  urged  to  make  as  much  use  as 
possible  of  materials  available  in  the  com- 
munity, such  as:  greenhouse,  school  garden, 
vacant  lots,  parks,  apiary,  zoos,  and  similar 
sources.  It  might  be  very  interesting  to  ask 
each  pupil  to  suggest  one  source  where  he 
thinks  the  class  could  find  valuable  informa- 
tion. This  might  be  done  after  the  class  has 


looked  ahead  through  the  unit,  looked  at  the 
pictures,  and  read  the  problem  titles.  This,  by 
the  way,  is  often  a good  way  to  create  interest 
and  at  the  same  time  let  the  children  know 
more  about  where  the  unit  will  lead.  If  a field 
trip  is  arranged,  this  preview  of  the  unit  will 
be  helpful  in  knowing  what  to  observe. 

The  observations  for  this  unit  can  best  be 
made  on  a field  trip.  If  it  is  possible  to  take  a 
field  trip  with  the  class,  it  is  advisable  to  do  so, 
provided  the  pupils  know  what  they  are  look- 
ing for.  Look  through  the  unit  at  the  various 
problems.  The  aim  of  the  trip  should  be  to 
collect  data  to  solve  these  problems.  Each  pupil 
should  be  expected  to  observe  carefully  enough 
to  report  findings  to  the  class.  It  is  important 
that  you  do  not  plan  to  observe  too  many 
things  on  one  field  trip.  (Also  see  page  14  of 
the  Guideboo\ .) 

Children  should  be  encouraged  to  take  field 
trips  by  themselves  after  school  or  on  Saturdays 
and  report  their  findings  to  the  class.  Urge 
them  to  observe  carefully  so  that  their  informa- 
tion will  be  accurate.  Careful  observation  is  one 
of  the  scientific  attitudes  that  the  pupils  should 
acquire.  They  should  be  led  to  see  that  evidence 
based  on  one  observation  should  be  regarded 
as  tentative,  and  other  observations  should  be 
made  to  verify  it. 

How  do  animals  help  each  other? 
(Pages  13-18) 

Concepts 

1.  Some  kinds  of  animals,  called  social  ani- 
mals, live  and  work  together  in  a colony. 

2.  Some  animals,  such  as  ants  and  aphids, 
are  mutually  helpful. 

3.  Some  animals  grow  up  in  families. 

4.  Some  animals  join  together  in  groups  for 
hunting  and  for  protection. 

5.  Some  animals  are  food  for  other  animals. 

Information  for  the  teacher 

Pictures.  Page  17.  Aphids  or  plant  lice  are 
also  black. 
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Page  18.  Prairie  dogs  are  not  dogs  but 
rodents.  They  are  a kind  of  ground  squirrel. 
They  get  their  name  from  the  barking  sound 
that  they  make.  Their  colonies  may  cover  a 
few  acres  or  many  miles  in  the  Great  Plains 
region,  from  Texas  north  through  Montana. 

Text.  The  children  will  be  much  more  in- 
terested in  studying  about  bees  and  ants  if  they 
have  an  opportunity  to  observe  them.  Pupils 
may  be  able  to  bring  honeycombs  and  other 
material  from  a beehive.  It  is  always  interest- 
ing to  keep  an  observation  beehive  in  the 
classroom  for  a few  weeks.  Information  about 
such  a hive  may  be  obtained  by  writing  the 
General  Biological  Supply  House,  761-763  E. 
69th  Place,  Chicago  37,  Illinois.  The  Bibliog- 
raphy on  page  85  of  the  Guideboo\  suggests 
books  about  bees-  and  ants  which  pupils  can 
read.  The  National  Geographic  Magazine  for 
April  1935  gives  pictures  .and  information 
about  bees.  See  pages  90-91  of  the  Guideboo\ 
for  directions  for  making  a simple  ant  colony. 

Procedure 

The  discussion  about  bees  may  center  around 
these  questions:  “What  work  does  each  of  the 
kinds  of  bees  do  in  a hive?”  “Why  can  a 
honeybee  not  live  alone?”  “In  what  very  im- 
portant way  is  a bee  colony  different  from  a 
community  of  people?”  Have  the  children 
read  pages  13,  14,  and  down  to  the  last  para- 
graph on  page  15. 

The  section  on  ants  and  aphids  may  center 
around:  “What  things  are  probably  happening 
in  the  two  pictures  on  pages  16  and  17?”  To 
answer  this  question,  pupils  must  read  from 
the  last  paragraph  on  page  15  to  the  end  of  the 
first  complete  paragraph  on  page  17.  As  a sum- 
mary, pupils  may  then  compare  life  in  an  ant 
colony  with  life  in  a bee  colony. 

Have  pupils  read  the  remaining  paragraphs 
in  this  problem  and  then  discuss:  “What  are 
some  of  the  important  advantages  animals  have 
when  they  live  together?” 

For  additional  activities,  see  Things  to  Do , 
Nos.  3,  8,  9,  and  16. 


Questions  (Page  18) 

1.  Because  they  live  and  work  together  in  a 
colony.  Examples:  bees,  ants,  beavers,  prairie 
dogs. 

2.  Ducks,  geese,  and  other  birds  fly  together 
for  protection;  ants  live  together  and  help  each 
other  by  each  doing  a certain  part  of  the  work 
of  the  colony;  robins  and  other  birds  stay  with 
their  young  until  they  are  independent;  wolves 
hunt  in  packs  and  attack  together;  beavers 
work  together;  prairie  dogs  live  in  villages  and 
help  each  other  by  watching  for  enemies. 

3.  Men  and  women  plan  the  work  in  a com- 
munity while  animals  cannot  think  and  do 
not  know  that  they  are  helping  each  other. 

How  do  plants  help  animals? 

(Pages  19-20) 

Concept 

Plants  help  animals  by  providing  food  and 
shelter. 

Information  for  the  teacher 

Picture.  Page  20.  This  is  a flicker,  or  yellow- 
hammer,  a kind  of  woodpecker.  It  makes  cavi- 
ties in  dead  trees  or  branches  for  its  nest. 

Procedure 

Before  beginning  this  problem,  ask  the  pupils 
to  list  as  many  ways  as  they  can  in  which  plants 
help  animals.  Their  suggestions  may  come 
from  observations  made  on  field  trips,  from 
their  own  experiences,  or  from  looking  at  the 
two  pictures  in  this  problem.  After  they  have 
listed  their  suggestions,  have  them  read  pages 
19-20  to  find  additional  ideas. 

Questions  (Page  20) 

1.  Used  by  animals  for  food,  for  nests,  and 
other  kinds  of  shelter  and  protection. 

2.  Answers  might  include:  squirrels  eating 
nuts;  woodpecker  making  hole  in  tree  for 
nest;  rabbit  hiding  in  the  grass;  cows  eating 
grass;  beavers  building  houses  from  branches 
and  small  logs. 
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3.  Animals  such  as  cows  and  sheep  depend 
mainly  on  grass  for  food.  We  depend  upon 
these  animals  for  part  of  our  food  and  clothing. 

How  do  animals  help  plants? 

(Pages  21-23) 

Concepts 

1.  Bees  and  other  insects  carry  pollen  from 
one  flower  to  another. 

2.  Birds  eat  destructive  insects. 

3.  Earthworms  cultivate  the  soil. 

4.  Animals  scatter  seeds. 

Information  for  the  teacher 

Pictures.  Page  22.  The  earthworm  is  also 
known  as  the  angleworm  and  as  the  night- 
crawler.  It  comes  up  out  of  its  hole  at  night 
when  the  ground  is  moist  or  damp. 

Text.  When  pollen  is  carried  from  the  sta- 
men of  one  flower  to  the  pistil  of  another 
flower,  we  say  that  the  flower  has  been  cross- 
pollinated,  When  this  transfer  is  within  one 
flower,  the  flower  is  said  to  be  self-pollinated. 
Usually  cross-pollination  produces  better  seeds 
than  self-pollination. 

When  a bee  crawls  around  in  a flower,  pollen 
sticks  to  its  hairy  legs  and  to  the  hairs  on  its 
body,  as  shown  in  the  picture  on  page  21. 
Usually  the  pollen  is  brushed  into  pollen  “bas- 
kets” before  it  is  carried  to  the  hive.  These 
baskets  are  special  structures  on  the  hind  legs. 
Hummingbirds  also  carry  pollen. 

Procedure 

The  pictures  on  page  21  show  one  of  the 
most  important  partnerships  that  animals 
and  plants  have.  Ask  the  pupils  if  they  can 
think  what  a bee  gets  from  this  partnership 
and  what  the  flower  receives  and  what  they 
themselves  get.  After  they  have  discussed  the 
problem  briefly,  have  them  read  the  text  to  the 
end  of  the  paragraph  at  the  top  of  page  22  to 
check  their  ideas. 

Suggest  that  the  pupils  look  at  the  picture 
on  page  37  (red-headed  woodpecker)  and  tell 
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another  way  in  which  animals  help  plants.  The 
next  paragraph  on  page  22  describes  this  way. 

The  earthworm  (pictured  on  page  22)  is 
the  next  example  of  how  animals  help  plants. 
If  possible,  earthworms  should  be  brought  to 
class  and  observed.  The  discussion  may  center 
around  this  question:  “How  do  earthworms 
help  you  besides  being  useful  as  fish  bait?” 
The  remainder  of  the  problem  answers  the 
question:  “How  have  you  helped  seeds  of 
plants  get  from  one  place  to  another?”  Chil- 
dren may  tell  their  own  experiences. 

Questions  (Page  23) 

1.  Bees  get  nectar  and  pollen  from  the 
flowers,  and  the  flowers  get  pollen  for  seeds 
from  the  bees. 

2.  Insects.  Birds. 

3.  Loosen  the  soil  so  that  air  and  water  can 
reach  the  roots  of  plants. 

4.  The  seeds  are  carried  from  one  place  to 
another  by  wind,  insects,  other  animals,  and 
people. 

5.  Bees  and  other  insects  carry  pollen;  birds 
eat  insects;  earthworms  and  moles  loosen  soil; 
furry  animals  scatter  seeds  by  carrying  them  in 
their  fur. 

How  do  plants  help  each  other? 

(Pages  24-26) 

Concepts 

1.  Some  plants  furnish  food  or  water  for 
other  plants. 

2.  Some  plants  furnish  shade  and  protection 
for  other  plants. 

3.  Some  plants  climb  on  others  to  reach 
sunlight. 

4.  Decayed  plants  enrich  the  soil  and  thus 
help  other  plants. 

Information  for  the  teacher 

Pictures.  Page  24.  Left.  This  fungus  is  the 
elm  pleurotus,  Pleurotus  ulmarius.  (In  the 
Guideboo\,  some  scientific  names  are  used. 
They  are  included  only  to  help  the  teacher 


look  up  further  information  if  desired,  since 
common  names  frequently  vary.) 

Right.  Mistletoe  grows  on  various  deciduous 
trees  (trees  that  lose  their  leaves)  from  New 
Jersey  and  Pennsylvania  to  Florida  and  New 
Mexico  and  inland  in  the  Mississippi  basin  to 
Missouri,  southern  Indiana,  and  central  Ohio. 
Birds  eat  the  sticky  berries  and  spread  the  seeds 
when  they  wipe  off  their  bills  on  the  branches 
of  trees. 

Page  25.  Left.  Jack-in-the-pulpit,  also  called 
Indian  Turnip,  is  found  throughout  the  coun- 
try in  rich  woods.  It  blossoms  in  May.  Later, 
the  stalk  with  a cluster  of  red  berries  may  be 
found. 

Text.  Descriptions  and  pictures  of  puffballs 
will  be  found  in  any  of  the  popular  books  on 
mushrooms.  The  term  mushroom  is  a general 
one  that  is  commonly  used  to  include  all  the 
fleshy  fungi.  Sometimes,  however,  it  refers  only 
to  the  umbrella  or  cap  types.  See  the  Bibli- 
ography on  page  85  of  the  Guidebook  for 
references  on  mushrooms. 

Procedure 

Since  this  unit  deals  with  the  living  things 
in  the  children’s  environment,  it  is  especially 
important  that  they  do  as  much  first-hand 
observing  as  possible.  As  has  been  previously 
suggested,  field  trips  may  be  used  to  great  ad- 
vantage in  teaching  any  of  these  problems. 
For  example,  in  a ten-minute  walk  near  the 
average  school,  pupils  can  observe  many  ex- 
amples of  how  plants  help  each  other.  After 
this  brief  opportunity  for  observing,  the  pupils 
may  return  to  the  classroom,  list  the  examples 
they  have  seen,  and  then  read  this  problem  to 
discover  additional  examples  and  add  them  to 
the  list.  A brief  discussion  of  how  each  of  the 
pictures  on  pages  24  and  25  shows  the  rela- 
tionship of  plants  to  each  other  should  follow 
the  reading  of  the  problem. 

Questions  (Page  26) 

1.  A fungus  is  a plant  (without  seeds)  that 
does  not  make  its  own  food  but  grows  on  other 


plants  or  animals,  or  on  soil  that  has  decayed 
plants  in  it.  Examples:  mushrooms,  puffballs. 

2.  Grass  is  a green  plant  that  makes  its  own 
food  from  materials  in  the  soil  and  air.  A fun- 
gus must  take  food  made  by  other  plants. 

3.  Mistletoe  cannot  take  its  water  directly 
from  the  soil.  It  must  grow  on  other  plants  to 
use  the  water  taken  in  by  them. 

4.  Furnish  support  on  which  other  plants 
climb  toward  the  light. 

5.  There  is  more  shade  in  the  forest.  Plants 
that  require  shade  grow  in  the  forest,  and 
plants  that  require  sun  grow  in  open  fields. 

6.  By  decaying  when  they  die  and  enrich- 
ing the  soil. 

7.  Furnish  food  or  water  for  others;  furnish 
shade  and  protection  for  others;  provide  sup- 
port for  others  to  reach  the  sunlight;  enrich  the 
soil  when  they  die  and  decay. 

How  do  plants  harm  other  living 
things?  (Pages  26-29) 

Concepts 

1.  Some  plants  are  poisonous  to  animals. 

2.  Plants  such  as  fungi  destroy  other  plants. 

3.  Some  plants  capture  animals  for  food. 

4.  Some  kinds  of  plants  (bacteria)  cause 
disease  in  other  plants  and  in  animals. 

5.  Stronger  plants  take  water,  food  ma- 
terials, and  sunlight  from  weaker  ones. 

Observation 

Page  28:  To  observe  some  mold. 

Materials:  Piece  of  bread,  dish  to  cover  it, 
warm  place  to  keep  bread  for  several  days. 

Information  for  the  teacher 

Pictures.  Page  27.  Venus’s-flytrap  is  found 
in  sandy  bogs  or  peat  bogs  along  the  coast  in 
North  and  South  Carolina.  The  pitcher  plant 
also  grows  in  peat  bogs.  It  is  found  in  the  north 
and  south  as  far  west  as  Minnesota. 

Page  28.  Left , corn  smut;  center , apple  rust, 
which  has  its  alternate  stage  on  the  common 
red  cedar;  right,  plum  dried  by  brown  rot. 
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Text.  On  the  field  trip  in  the  fall,  the  leaves 
of  the  poison  ivy  may  have  turned  red.  In  some 
parts  of  the  country,  the  vine  form  is  common 
and  often  covers  stone  walls,  fences,  and  tree 
trunks. 

An  excellent  bulletin  describing  the  different 
types  of  poison  ivy  is  Poison-Ivy , Poison  Oa\, 
and  Poison  Sumac , Farmer’s  Bulletin  No.  1972, 
U.  S.  Dept,  of  Agriculture,  Washington,  D.  C., 
August  1945. 

Life  for  June  14,  1943,  has  some  exception- 
ally fine  photographs  of  insectivorous  plants. 
These  plants  are  also  called  carnivorous  plants 
since  they  are  “meat  eaters.” 

Both  the  ordinary  bread  mold  (Rhizopus) 
and  the  blue-green  mold  (Penicillium),  usu- 
ally found  on  fruit  and  other  foods,  may  appear 
on  the  bread. 

Procedure 

Before  the  pupils  study  this  problem,  have 
them  discuss  these  problems:  “How  have  plants 
ever  harmed  us?”  “How  do  plants  harm  other 
plants?”  “How  do  they  harm  animals?”  After 
the  discussion,  pupils  should  read  the  text 
to  answer  the  questions.  Then  they  should  dis- 
cuss the  questions  again.  It  is  especially  im- 
portant that  the  paragraphs  on  poison  ivy  be 
given  careful  attention.  If  it  is  not  possible  to 
show  poison  ivy  in  the  field,  the  following 
method  may  be  used  to  exhibit  it  safely  in  the 
classroom : Hold  a wide-mouthed  gallon  j ar  (or 
similar  glass  jar  with  a screw  top)  over  a 
branch  of  ivy.  Clip  the  stem  at  the  mouth  of 
the  jar  and  screw  the  cap  on.  Do  not  let  leaves 
from  the  plant  brush  the  outside  of  the  jar. 
A branch  will  last  a week  or  ten  days  when 
exhibited  in  this  way.  Be  careful  not  to  touch 
the  branch  while  disposing  of  it  since  it  may 
still  be  poisonous. 

After  the  discussion  and  after  the  questions 
on  page  29  have  been  answered,  the  children 
may  tell  what  each  picture  in  this  problem 
illustrates  about  how  plants  harm  other  living 
things. 


Questions  (Page  29) 

1.  By  taking  away  its  food,  sunlight,  and 
water. 

2.  Weeds  take  the  sunlight,  food  materials, 
and  water  that  our  garden  plants  need. 

3.  Some  will  take  food,  water,  and  sunlight 
from  the  others. 

4.  Fungi  harm  other  plants  by  taking  their 
food.  Fungi  cause  diseases  in  other  plants. 
Plants  take  food,  water,  and  light  from  other 
plants. 

5.  So  that  others  may  get  the  sunlight,  food, 
and  water  that  they  need  to  become  strong 
and  usable. 

6.  Are  not  green  plants.  Do  not  make  their 
own  food  but  live  off  other  growing  or  dead 
plants;  are  often  harmful  to  growing  plants; 
may  cause  diseases  in  plants  and  animals. 

7.  Answers  may  include : thorns  scratch  and 
tear  animals  (deer  in  brambles);  some  are 
poisonous  to  animals  (cow  eating  snakeroot) ; 
bacteria  cause  diseases  in  animals  (tuberculosis 
in  cows). 

How  do  animals  harm  other  living 
things?  (Pages  30-32) 

Concepts 

1.  Animals  use  either  plants  or  other  ani- 
mals for  food. 

2.  Insects  are  great  enemies  of  plants  and 
animals. 

Information  for  the  teacher 

Pictures.  Page  30.  Top.  Besides  birds,  a 
weasel  eats  many  of  the  smaller  mammals, 
some  of  which  are  many  times  the  size  of  the 
weasel.  It  is  a bloodthirsty  little  animal  and 
often  seems  to  kill  for  the  sake  of  killing  as 
well  as  to  obtain  food.  Center.  This  is  a corn- 
field that  has  been  visited  by  a swarm  of  grass- 
hoppers. In  years  when  there  are  many 
grasshoppers,  they  frequently  descend  on  corn 
or  wheat  fields  and  leave  them  completely 
leafless.  Bottom.  This  is  an  example  of  an  in- 
sect that  is  parasitic  on  another  insect.  The 
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caterpillar  is  covered  with  the  cocoons  of  an- 
other insect.  A fly  laid  her  eggs  on  the  cater- 
pillar. The  larvae  hatched  from  the  eggs,  fed 
on  the  caterpillar,  and  then  attached  their  co- 
coons to  it.  The  caterpillar  will,  of  course,  soon 
die. 

Page  31.  Top,  the  larva  of  the  codling  moth. 
The  moth  lays  its  eggs  on  the  leaves  of  the 
apple  trees.  When  the  larvae  hatch,  they  crawl 
into  the  young  fruit  and  feed  until  they  are 
fully  grown.  Then  they  leave  the  apple  and 
spin  a cocoon.  Center , the  Mexican  bean  beetle. 
This  is  one  of  the  few  members  of  the  ladybird 
beetle  group  that  is  injurious.  Most  of  them  are 
beneficial  since  they  feed  on  other  harmful  in- 
sects. But  both  the  larvae  and  adults  of  the 
Mexican  bean  beetle  cause  great  damage  to 
bean  crops  by  feeding  on  the  leaves  of  the  bean 
plants.  Bottom,  the  larva  of  the  European 
corn  borer.  This  is  one  of  the  most  destructive 
insects.  It  bores  into  almost  any  part  of  the 
corn  plant,  destroying  it  by  causing  the  stem 
to  break  or  by  making  the  ear  useless,  as  in 
this  picture.  * 

Page  32.  Left,  the  tunnels  made  by  the  bark 
beetle.  The  female  beetle  makes  a tunnel  in 
which  she  lays  her  eggs.  When  the  larvae 
hatch,  they  make  additional  tunnels.  This  does 
great  damage  to  the  wood  and  bark  and  causes 
losses  running  into  millions  of  dollars  each 
year.  One  species  attacks  pines  exclusively,  but 
others  attack  almost  every  kind  of  tree.  Center 
and  right,  cotton  boll  weevil.  The  center  pic- 
ture shows  the  beetles  on  the  outside  of  the 
cotton  boll.  The  right-hand  picture  shows  the 
larvae  inside  a boll  that  they  have  destroyed. 

Procedure 

In  preparation  for  this  problem,  the  teacher 
may  suggest  that  the  pupils  do  one  or  more 
of  the  following:  bring  to  class  a picture  that 
shows  how  animals  harm  other  living  things; 
report  an  observation  they  have  made  of  an 
animal  harming  another  living  thing;  or  bring 
to  school  an  example  of  a living  thing  that  has 
been  harmed  by  another  living  thing. 


Before  children  study  this  problem,  give 
them  opportunity  to  show  the  pictures  or 
samples  they  have  brought  to  class  or  to  tell 
about  the  observations  they  have  made.  Then 
ask  the  pupils  to  tell  what  they  think  the  pic- 
tures on  pages  30,  31,  and  32  show.  Ask  them 
how  they  think  the  things  shown  in  the  pic- 
tures affect  their  lives. 

After  this  discussion,  the  pupils  are  ready  to 
read  these  pages  carefully  to  add  to  the  knowl- 
edge that  they  have  gained  and  to  check  their 
observations.  See  also  Things  to  Do,  page  43, 
Nos.  11  and  13. 

Questions  (Page  32) 

1.  To  get  food. 

2.  Answers  may  include:  cats  catching  mice 
or  birds;  fish  eating  flies  or  worms;  frogs  eat- 
ing insects;  flies  biting  horses;  spiders  eating 
insects. 

3.  Answers  may  include:  rabbits  eating 
leaves  and  vegetables;  cows  and  sheep  eating 
grass;  worms  eating  apples;  birds  eating  cher- 
ries; beavers  gnawing  trees;  beetles  or  cater- 
pillars eating  leaves;  woodpeckers  pecking 
trees. 

4.  People  can  find  out  the  best  time  to  try 
to  kill  them.  People  can  kill  them  before  they 
can  have  young  like  themselves. 

5.  Eating  the  leaves;  eating  the  fruit;  suck- 
ing the  sap. 

How  do  plants  help  us? 

(Pages  33-35) 

Concepts 

1.  All  of  our  food  comes  directly  or  indi- 
rectly from  plants. 

2.  We  use  plants  for  clothing,  wood,  rubber, 
medicines,  etc. 

3.  Plants  hold  the  soil  in  place  and  thus 
help  prevent  floods  and  dust  storms. 

Information  for  the  teacher 

Pictures.  Page  33.  Left.  The  method  of  tap- 
ping trees  for  turpentine  shown  in  the  picture 


UNIT  ONE.  LIVING  THINGS  27 


is  one  that  has  been  commonly  used  and  is  still 
widely  seen.  However,  this  kind  of  cutting  is 
injurious  to  the  tree  and  causes  many  to  die. 
Newer  methods  are  coming  into  use,  in  which 
just  a narrow  cut  is  made  and  the  resin  con- 
ducted through  a narrow  metal  trough  to  a cup 
that  hangs  on  a nail  below  the  open  surface. 
The  yield  has  been  found  to  be  as  good  as  with 
the  old  way,  and  the  number  of  trees  killed  by 
the  operation  has  been  greatly  reduced.  Pine 
trees  tapped  for  turpentine  in  one  or  the  other 
of  these  ways  are  a familiar  sight  in  Georgia, 
northern  Florida,  and  the  other  Gulf  states. 

Right.  This  picture  shows  the  harvesting  of 
a field  of  hemp  to  be  used  for  making  rope. 
This  machine  is  a hemp  gatherer-binder.  Be- 
fore final  harvesting,  the  hemp  is  allowed  to 
remain  in  the  field  for  two  to  six  weeks  for 
retting,  or  the  beginning  of  rotting.  This  is 
the  first  step  in  the  process  of  obtaining  the 
fibers  from  the  hemp  stalks.  The  fibers  are 
later  used  for  rope. 

Pages  34-35.  These  two  pictures  show  one 
way  in  which  bare,  eroded  hillsides  can  be 
reclaimed. 

Text.  Other  medicines  that  come  from  plants 
are:  camphor  (from  camphor  tree),  morphine 
(from  opium  poppy),  quinine  (from  bark  of 
cinchona  tree),  licorice  (from  licorice  root), 
senna  (leaves  of  several  species  of  Cassia  and 
other  leguminous  plants),  belladonna  (from 
roots  and  leaves  of  deadly  nightshade),  digi- 
talis (from  foxglove). 

The  important  drug  penicillin  comes  from 
the  same  kind  of  blue-green  mold,  Penicillium, 
found  growing  on  bread  or  fruit.  The  species 
usually  used  to  obtain  the  drug  is  Penicillium 
notatum.  Streptomycin  is  made  from  another 
microscopic  plant  found  in  the  soil. 

See  the  Bibliography  on  page  85  for  sug- 
gested books  and  pamphlets  that  will  furnish 
additional  pictures  and  information  on  the  use 
of  plants  in  holding  the  soil. 

Many  common  objects  are  now  made  from 
plastics  derived  from  plants.  Soybeans,  corn- 
cobs, wood  pulp,  cotton  linters,  and  other  plant 
sources  of  cellulose  are  used. 


Procedure 

Pupils  will  already  have  considerable  back- 
ground of  information  about  this  problem  on 
how  plants  help  us.  The  class  may  be  divided 
into  three  groups  and  given  ten  minutes  to 
make  a list  of  as  many  ways  as  they  can  in 
which  plants  help.  One  group  may  list  the 
things  that  they  can  see  in  the  schoolroom; 
another,  the  things  that  they  can  see  from  the 
window;  and  another,  things  found  at  home. 

Many  schoolyards  have  examples  of  erosion 
that  show  up  after  a sudden  shower.  Ask  the 
children  whether  they  know  of  such  a place  and 
have  them  go  to  observe  it  after  the  next  rain. 
For  another  activity  to  show  how  plants  help 
hold  the  soil:  Put  about  equal  amounts  of  dry 
soil  and  dry  sod  on  pieces  of  board.  Put  the 
boards  outside  on  a windy  day  or  turn  a fan 
on  them.  Which  board  is  blown  clean  first? 
What  does  this  show?  Have  the  pupils  read 
the  text,  look  at  the  pictures,  and  discuss  what 
they  have  learned.  See  also  Things  to  Do, 
page  43,  No.  5. 

Questions  (Page  35) 

1.  Pupils  may  answer:  wheat  (flour,  bread) ; 
potatoes,  corn,  beans,  carrots,  lettuce,  etc.,  de- 
pending on  location  and  season. 

2.  Cotton,  flax  (linen),  hemp  (carpets), 
straw  (hats). 

3.  Leaves  and  branches  provide  a spongy 
covering  that  catches  the  water  and  prevents 
it  from  washing  the  soil  away.  The  roots  of 
plants  keep  the  soil  from  washing  away,  too. 
Plants  help  prevent  dust  storms  when  their 
roots  form  a network  that  holds  soil  or  when 
their  leaves  and  stems  slow  the  wind  down. 

4.  By  making  a covering  for  it  and  holding 
it  with  their  roots. 

How  do  animals  help  us? 

(Pages  36-37) 

Concepts 

1.  Food,  clothing,  and  other  products  come 
from  animals. 
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2.  Some  animals  protect  us  or  do  work  for 
us. 

3.  Some  animals  destroy  plant  and  animal 
pests. 

Information  for  the  teacher 

Pictures.  Page  36.  Sheep  dogs  are  an  im- 
portant part  of  every  sheep  raiser’s  equipment. 
Some  of  the  breeds  used  in  this  work  are:  Old 
English  sheep  dog,  collie,  Shetland  sheep  dog, 
German  shepherd  dog. 

Page  37.  Red-headed  woodpecker.  Much  of 
this  woodpecker’s  food  consists  of  harmful  in- 
sects such  as  scales,  weevils,  cicadas,  and  others. 
It  can  catch  insects  on  the  wing  as  well  as  dig 
for  them  in  trees. 

Procedure 

The  same  procedure  as  suggested  for  the 
previous  problem  on  plants  may  be  followed 
for  this  problem  on  animals.  Have  pupils  col- 
lect pictures  that  show  how  animals  help  us 
and  make  a bulletin  board  display  of  them. 

Questions  (Page  37) 

1-2.  (a)  Sheep,  cows,  pigs,  chickens,  turkeys, 
fish,  rabbits,  etc.,  supply  meat.  Cows  and  goats 
supply  milk.  Chickens  supply  eggs. 

b ) Skins  of  horses,  cattle,  pigs,  sheep,  and 
reptiles  are  used  for  leather;  sheep  supply  wool; 
silkworms  supply  silk. 

c ) Horses,  dogs,  oxen,  camels,  and  llamas  are 
used  to  pull  loads  and  carry  burdens. 

d ) Dogs  are  used  to  guard  property;  cats 
kill  mice  and  rats;  birds  protect  crops  by  eat- 
ing pests;  skunks  and  snakes  also  eat  pests. 

e ) Hawks  and  owls  eat  rats,  mice,  and 
other  pests;  cats,  skunks,  and  snakes  destroy 
mice. 

How  do  we  conserve  the  living  things 
that  help  us?  (Pages  38-41) 

Concepts 

1.  We  raise  and  take  care  of  plants  and  ani- 
mals on  farms. 


2.  Conservation  means  the  protection  and 
wise  use  of  wild  life,  forests,  soil,  and  other 
things. 

Information  for  the  teacher 

Pictures.  Page  38.  This  Georgia  boy  is 
raising  slash  pine  as  his  4-H  Club  conservation 
project.  On  a one-acre  project,  he  has  1000 
trees.  (See  Ross  L.  Holman,  “Youth,  Trees 
and  Game,”  American  Forests,  June  1942.) 

Page  40.  The  Department  of  Conservation 
in  your  state  will  furnish  a list  of  the  wild 
flowers  and  other  wild  life  that  should  be  pro- 
tected or  that  are  protected  by  law.  This  pink 
lady’s-slipper  is  also  called  moccasin  flower.  It 
has  disappeared  from  many  localities  because 
of  careless  picking.  It  has  only  two  leaves.  If 
these  are  picked,  the  plant  cannot  store  food 
for  another  year. 

Text.  Much  material  on  conservation  is 
available.  Consult  the  Bibliography  on  page  85 
for  references  on  conservation.  Obtain  material 
from  your  own  State  Department  of  Conserva- 
tion. In  this  way,  the  conservation  teaching 
can  be  keyed  to  local  needs  and  conditions. 

Procedure 

This  problem  is  one  of  the  most  important 
in  the  entire  unit.  Every  effort  should  be  made 
to  make  it  as  real  as  possible  to  the  pupils.  If 
possible,  obtain  a motion  picture  from  your 
State  Department  of  Conservation  and  take  a 
field  trip  to  see  a conservation  project.  Empha- 
size repeatedly  what  pupils  themselves  can  do 
to  help  conserve  living  things.  Refer  to  the 
picture  on  page  38  as  an  example  of  what  boys 
and  girls  can  do.  The  discussion  of  this  prob- 
lem may  center  around  these  questions:  “Why 
is  it  important  that  we  conserve  our  wild  plants 
and  animals?”  “What  is  being  done  in  our 
county  to  conserve  our  living  things?”  “How 
can  pupils  in  our  class  prevent  wasteful  use  or 
destruction  of  living  things?”  After  discussing 
these  questions,  have  the  pupils  read  the  prob- 
lem for  additional  information.  See  also 
Things  to  Do,  pages  42-43,  Nos.  2,  7,  10,  12, 
14,  15,  and  17. 
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Questions  (Page  41) 

1.  Conservation  means  protecting  something 
or  using  it  wisely. 

2.  Replanting  forests;  protecting  young 
trees;  protecting  forests  from  fire;  killing  in- 
sects that  damage  and  destroy  trees. 

3.  By  not  cutting  down  or  damaging  trees; 
using  caution  in  making  and  leaving  camp- 
fires and  in  using  any  fire  in  the  woods. 

4.  Passing  laws  against  killing  them  and 
restricting  the  hunting  of  wild  animals;  pro- 
viding homes. 

5.  Thoughtless  destruction  of  plants  and 
animals  and  their  homes.  Obey  the  laws 
controlling  their  conservation;  provide  food 
and  homes  for  animals. 

Questions  to  answer  (Page  42) 

1.  To  discover  whether  the  animal  is  help- 
ful or  harmful  to  us. 

2.  Furnish  food  for  each  other. 

3.  Animals  are  dependent  on  plant  life  for 
food,  but  plants  can  exist  without  animals. 

4.  People  can  think  and  plan. 

5.  To  make  sure  that  each  plant  will  have 
the  needed  amount  of  water  and  sunlight;  so 
that  weeds  can  be  removed  and  the  soil 
loosened  with  machinery  without  disturbing 
the  plants. 

6.  Not  enough  sunlight. 

7.  Animals  such  as  birds,  deer,  bears,  otters, 
beavers,  and  other  animals.  Plants  such  as 
lady’s-slipper,  trillium,  gentian,  etc.  (Answers 
will  depend  on  the  conditions  in  each  state  or 
region.  In  Florida,  for  example,  the  sea  cow  or 
manatee  is  one  animal  that  should  be  protected.) 

Things  to  do  (Pages  42-43) 

1.  All  destroy  harmful  insects.  Skunks  and 
snakes  destroy  mice.  (See  Bibliography  on 
page  85.) 

2.  A visit  to  a hatchery,  if  possible,  would 
help  to  concrete  children’s  ideas. 

3.  See  Bibliography  on  page  85. 

4.  Use  text,  observations,  and  additional 
reading. 


5.  Pictures  may  be  made  into  scrapbooks 
with  information  written  about  each  one. 

6.  Can  be  a talk  to  the  whole  group  or  an 
individual  assignment. 

7.  Use  the  text  and  additional  reading  on 
forest  conservation. 

8.  See  Bibliography  on  page  85. 

9.  Find  examples  from  observation  and  read- 
ing. Reports  may  be  made  orally,  and  the  best 
ones  used  for  scrapbooks. 

10.  The  following  will  give  help  in  building 
birdhouses. 

House  Plans — Circular  No.  29.  This  little 
leaflet  contains  plans  and  directions  for 
making  bird  boxes,  and  directions  for 
placement.  National  Audubon  Society, 
1000  Fifth  Ave.,  New  York  28,  N.  Y. 

i Songbird  Sanctuaries  by  Roger  T.  Peterson. 
Tables  of  trees,  shrubs,  and  vines  attractive 
to  birds.  32  pp.  National  Audubon  Society. 

The  National  Audubon  Society  also  has 
various  types  of  birdhouses  and  feeders 
for  different  places  and  different  birds. 

Wings  at  My  Window  by  Ada  C.  Govan. 
Macmillan,  N.Y.,  1940.  198  pp.  A simple 
account  of  an  ordinary  American  family’s 
experiences  with  birds  about  their  home 
grounds. 

11.  See  the  text,  pages  30-32,  for  examples 
of  the  kinds  of  things  the  pupils  may  find, 
depending  on  the  season  and  the  region.  They 
may  also  bring  in  plants  with  galls,  or  swollen, 
tumorlike  growths  caused  by  insect  injury.  If 
these  are  cut  open,  many  of  them  will  be  found 
to  harbor  the  insects  that  caused  them. 

12  and  14.  Class  activity. 

13.  The  Panama  Canal  was  first  attempted 
by  the  French,  but  the  workers  were  attacked 
by  yellow  fever.  After  thousands  died,  the  work 
was  abandoned.  Later,  it  was  discovered  that 
the  fever  is  carried  by  a silver-striped  mosquito 
and  contracted  only  through  its  bite.  The 
United  States  made  a successful  campaign 
against  this  mosquito,  with  particular  effort 
directed  toward  elimination  of  mosquito  breed- 
ing places,  and  was  able  to  complete  the 
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Canal.  See  Men  Who  Found  Out , by  Amabel 
Williams-Ellis  (Coward-McCann,  Inc.),  or  an 
extract  from  it,  “Fighting  Yellow  Fever,”  in 
Literature  and  Life,  Boo\  Two,  Revised  (Scott, 
Foresman) ; or  refer  to  mosquito,  Panama 
Canal,  William  Crawford  Gorgas,  and  Walter 
Reed  in  an  encyclopedia. 

15.  May  be  found  in  nature  magazines,  out- 
door magazines,  or  newspapers.  The  National 


Wildlife  Federation,  1129  Vermont  Ave.  N.W., 
Washington  5,  D.C.,  has  postcards  or  stamps 
showing  the  flowers  that  need  special  protec- 
tion. Material  issued  by  either  national  or 
state  government  departments  of  conservation 
may  be  helpful. 

16.  See  Bibliography  on  page  85  or  any  of 
the  children’s  encyclopedias. 

17.  Class  or  individual  activity. 


UNIT 


What  Makes  Things  Move? 


Purpose  and  scope 

Through  a study  of  this  unit,  the  pupils 
learn  fundamental  ideas  upon  which  they  will 
build  when  they  study  energy  and  work  later 
in  their  science  course.  It  introduces  them  to 
the  world  of  forces.  The  unit  is  full  of  examples 
of  how  we  use  the  energy  of  the  world  to  do 
our  work.  The  examples  are  those  which 
children  encounter  every  day.  Pupils  should 
be  encouraged  to  observe  these  examples,  be- 
come conscious  of  how  they  operate,  and  ap- 
preciate the  importance  of  them.  It  is  not 
necessary  that  the  children  learn  the  names  of 
the  different  kinds  of  energy  at  this  grade  level. 

Science  bac\ground 

Loo\  and  Learn:  Unit  2,  Machines 

All  Around  Us:  Unit  2,  Getting  Work  Done 

How  Do  We  Know?:  Unit  4,  Wheels  and 
Fevers 

Discovering  Our  World,  Boo\  One:  Unit  2, 
Why  Do  All  Fiving  Things  Need  Air  and 
Water?  Unit  3,  How  Does  Your  Body  Work? 
Unit  6,  What  Can  Magnets  Do? 

General  concepts 

1.  Things  move  because  they  are  pulled  or 
pushed  by  some  force. 

2.  Force  is  produced  by  energy. 

3.  There  are  different  forms  of  energy. 

4.  Muscles  have  energy. 


5.  Springs  have  energy. 

6.  Gravity  is  the  force  that  holds  things  to 
the  earth. 

7.  Moving  water  has  force. 

8.  Air  has  force  when  it  moves. 

9.  Steam  has  force. 

10.  Gasoline  and  oil  have  force  when  they 
change  to  a gas  and  explode. 

11.  Electric  current  has  energy  that  makes 
a force  which  can  move  things. 

12.  One  form  of  energy  can  be  changed  into 
another  form  of  energy. 

Introducing  the  unit  (Page  45) 

Information  for  the  teacher 

Picture.  Page  44.  This  is  Yosemite  Falls, 
in  Yosemite  National  Park,  California. 

Procedure 

The  pictures  in  the  unit  each  show  something 
that  moves.  Pupils  may  make  a list  of  the 
things  that  the  pictures  show  and  after  each 
example  try  to  tell  what  makes  it  move.  This 
activity  will  provoke  discussion  and  raise  many 
of  the  problems  with  which  the  unit  deals. 
The  introductory  section  may  be  read  after 
the  class  has  made  a list  by  using  the  pictures. 

An  interesting  activity  to  accompany  the 
study  of  each  of  the  problems  is  this:  Suggest 
that  each  pupil  try  to  observe  during  his  out-of- 
school  time  examples  of  places  where  things 
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are  being  moved.  Pupils  will  then  report  their 
observations  to  the  class. 

The  problem  on  the  force  of  moving  water 
will  be  more  interesting  and  real  if  a water 
wheel  like  the  one  described  on  page  54  is 
available  or  can  be  made.  Discuss  this  idea  with 
pupils  and  ask  for  volunteers  to  have  one  ready 
to  demonstrate  before  the  class. 

Why  do  things  move?  (Pages  45-48) 

Concepts 

1.  Things  move  because  they  are  pulled  or 
pushed  by  some  force. 

2.  Force  is  produced  by  energy. 

3.  There  are  different  forms  of  energy. 

Information  for  the  teacher 

Pictures.  Page  47.  Top.  This  is  a DC3,  or 
Douglas  transport.  Bottom.  This  picture  was 
taken  when  water  filling  Lake  Mead,  the  115- 
mile  reservoir  back  of  Hoover  Dam  (formerly 
Boulder  Dam),  took  its  first  spill  into  the  con- 
crete trough  on  the  Arizona  side,  to  be  carried 
through  great  tunnels  around  the  dam.  The 
water  flowing  through  these  tunnels  is  used 
for  irrigation. 

Text.  There  are  two  main  kinds  of  energy: 
\inetic  energy  and  potential  energy.  Kinetic 
energy  is  the  energy  that  things  have  because 
they  are  moving,  that  is,  the  energy  of  motion. 
Wind,  rushing  water,  a moving  automobile, 
etc.,  all  have  kinetic  energy.  Potential  energy 
is  the  energy  stored  in  matter.  It  may  have  this 
potential  energy  (1)  because  of  its  position, 
such  as  something  up  high;  (2)  because  of  its 
condition,  such  as  the  wound-up  spring  of  a 
watch  or  the  stretched  spring  of  a door;  or 
(3)  because  of  its  chemical  composition,  such 
as  fuels,  foods,  and  explosives. 

There  are  different  forms  of  kinetic  and 
potential  energy:  mechanical  energy,  chemical 
energy,  heat  energy,  light  and  other  forms  of 
radiant  energy,  sound  energy,  and  the  energy 
of  magnetism.  Some  of  these  forms  of  energy, 
such  as  mechanical  energy,  may  be  potential 


at  some  times  and  kinetic  at  others.  Chemical 
energy  is  always  potential  energy,  because  it 
is  stored  in  materials.  Heat  is  always  kinetic 
energy,  since  it  is  actually  the  motion  of  mole- 
cules in  materials. 

Procedure 

In  teaching  this  first  problem,  keep  in  mind 
the  concepts  that  you  are  trying  to  help  the 
children  understand.  (See  the  list  above.)  This 
understanding  comes  about  through  discussion 
of  the  many  examples  listed  in  the  section. 

The  teacher  may  begin  this  section  by  lifting 
a chair  up  on  to  a table  and  asking  the  children 
this  question : “When  I lift  this  chair,  will  you 
observe  very  carefully  what  happens  and  then 
tell  what  you  see?”  (The  chair  is  moved.  It 
was  pulled  and  pushed.  The  force  of  muscles 
moved  it.)  After  the  pupils  have  given  their 
observations,  ask  them  to  read  the  paragraph 
at  the  bottom  of  page  45. 

Ask  the  children  to  select  the  sentences  that 
they  think  tell  the  most  important  ideas  and 
write  these  two  sentences  on  the  board  for 
future  reference : “Nothing  moves  unless  some- 
thing pulls  or  pushes  it.”  “Whenever  anything 
in  the  world  moves,  it  is  moved  by  some  force.” 

Ask  the  class  to  read  the  paragraph  at  the 
top  of  page  46.  Have  them  list  the  things  that 
are  moved.  Then  the  pupils  should  read  the 
next  paragraph  and  list  opposite  each  moving 
thing  the  force  that  moves  it.  Then  have  the 
pupils  read  the  next  paragraph  to  find  another 
important  idea  to  list  on  the  board:  “Without 
energy,  there  would  be  no  force.” 

The  next  paragraphs  tell  what  energy  means. 
Let  the  pupils  read  the  rest  of  the  problem  and 
again  find  important  ideas  to  list:  energy  is 
the  ability  to  do  work;  energy  makes  force 
possible;  there  are  different  forms  of  energy; 
every  force  is  supplied  by  some  form  of  energy. 
Also  see  Things  to  Do,  page  69,  No.  6. 

Questions  (Page  48) 

1.  A pull  or  a push.  Force  of  wind,  water, 
steam,  electric  current,  gasoline,  muscles. 
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2.  Energy  is  the  ability  to  do  work.  We 
know  something  has  energy  when  it  can  make 
a force  that  moves  something. 

3.  All  of  them.  They  can  all  make  some- 
thing else  move. 

4.  From  the  energy  of  the  muscles  of  the 
person  who  threw,  kicked,  or  hit  the  ball. 

5.  Nothing  would  move. 

Where  do  your  muscles  get  their 
energy?  (Pages  48-49) 

Concepts 

1.  Muscles  get  their  energy  from  the  food 
that  is  eaten. 

2.  Food  has  energy  stored  in  it. 

Information  for  the  teacher 

Picture.  Page  49.  The  energy  of  muscles  (the 
dogs’  and  the  man’s)  is  being  used.  The  energy 
has  come  from  the  food  that  the  man  and  the 
dogs  have  eaten. 

Text.  The  energy  stored  in  food  is  chemical 
potential  energy.  It  is  potential  energy  because 
it  can  do  work  only  after  it  has  been  changed 
into  kinetic  energy,  or  the  energy  of  motion. 
It  is  chemical  energy  because  a chemical  change 
is  necessary  to  change  the  energy  from  potential 
to  kinetic  energy. 

Procedure 

In  introducing  this  problem,  ask  the  pupils 
what  they  have  already  learned  about  this 
question:  “How  do  your  muscles  get  their  en- 
ergy?” After  this  discussion,  the  problem  may 
be  read  by  the  class.  Pupils  may  discuss  the 
question:  “How  would  the  world  be  different 
if  we  had  never  learned  to  use  any  energy 
except  the  energy  of  muscles?” 

Questions  (Page  49) 

1.  From  the  food  that  we  eat. 

2.  From  the  food  that  they  eat. 

3.  Yes.  Our  breakfast  is  changed  in  our 
bodies  into  the  energy  of  muscles,  which  we 
use  in  riding  a bicycle. 


How  do  springs  get  their  energy? 
(Page  50) 

Concepts 

1.  Springs  get  energy  when  they  are  wound 
up. 

2.  Springs  get  energy  when  they  are  pushed 
in  or  pulled  out. 

Procedure 

In  preparation  for  this  problem,  ask  the  pu- 
pils to  bring  to  class  something  that  works  by 
using  a spring.  Let  them  show  the  things  they 
have  brought  and  have  them  show  how  the 
spring  makes  them  work.  Then  ask  others  to 
suggest  additional  things  that  they  have  seen 
which  operate  by  using  springs.  The  problem 
may  then  be  read  and  discussed. 

Questions  (Page  50) 

1.  Answers  may  include  springs  on  screen 
doors,  toys,  curtain  rollers,  bird  cages,  etc. 

2.  Giving  it  the  energy  of  your  muscles, 
which  it  uses  when  it  unwinds,  pulls  back,  or 
pushes  out. 

What  is  the  greatest  force  in  the  world? 
(Pages  51-52) 

Concepts 

1.  Gravity  is  the  force  that  holds  things  to 
the  earth. 

2.  Gravity  pulls  things  from  higher  places 
to  lower  places  on  the  earth. 

3.  The  pull  of  gravity  gives  things  weight. 

Information  for  the  teacher 

Picture.  Page  51.  Gravity  is  pulling  the 
children  downhill. 

Procedure 

The  picture  on  page  51  may  be  used  to  in- 
troduce this  problem  by  asking  the  class  to 
answer  the  question  above  the  picture.  After 
pupils  have  discovered  that  this  force  is  gravity, 
ask  some  of  the  pupils  how  much  they  think 
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gravity  pulls  on  them.  (It  is  the  amount  of 
their  weight  as  shown  by  a scale.)  Following 
this  discussion,  the  pupils  are  ready  to  read  the 
problem  to  find  out  why  gravity  is  the  greatest 
force  in  the  world. 

Questions  (Page  52) 

1.  Everything  in  the  schoolroom. 

2.  Feather,  rock,  pail  of  water.  (Noise  and 
sunshine  are  forms  of  energy.) 

3.  Gravity  pulls  on  it. 

4.  How  much  gravity  is  pulling  on  you. 

5.  ( b ) and  ( d ). 

How  do  we  use  moving  water? 

(Pages  53-55) 

Concepts 

1.  Moving  water  has  force. 

2.  The  faster  the  water  moves,  the  more 
force  it  has. 

3.  The  force  of  gravity  makes  water  run 
from  high  places  to  lower  places. 

4.  Dams  are  built  to  raise  water  to  a higher 
level  so  that  it  can  fall  and  thus  provide  greater 
force. 

Experiments 

Page  54:  To  make  a water  wheel  and  show 
how  it  works. 

Materials:  Two  thin  boards,  six  small  nails, 
three  narrow  pieces  of  wood,  saw,  hammer, 
running  water. 

Page  54:  To  show  how  a water  wheel  is  used 
to  turn  another  wheel. 

Materials:  Water  wheel  made  above  and 
toy  Ferris  wheel  (or  some  other  toy  that  can 
be  turned  in  this  way),  spool,  small  nails, 
string. 

Information  for  the  teacher 

Pictures.  Page  53.  Flood  damage  along  the 
Connecticut  River  at  Hadley,  Massachusetts. 

Page  54.  Top,  an  undershot  water  wheel. 
This  means  that  the  water  turns  the  wheel  by 
striking  the  paddles  as  it  flows  under  the  wheel. 


In  an  overshot  water  wheel,  such  as  the  one 
in  the  picture  on  page  69,  the  water  turns  the 
wheel  by  striking  the  paddles  as  it  flows  over 
the  wheel  and  falls. 

Page  55.  Left.  This  is  the  Rock  Island  Dam 
on  the  Columbia  River,  near  Wenatchee, 
Washington.  At  the  right  end  is  the  building 
that  houses  the  water  wheels,  or  turbines.  At 
the  left  is  the  spillway  that  allows  excess  water 
to  flow  out  of  the  reservoir  so  that  water  will 
not  flow  over  the  top  of  the  dam. 

Text.  Some  of  the  great  water-power  plants 
in  the  United  States  are:  Niagara  Falls,  New 
York;  Hoover  Dam,  Arizona-Nevada;  Cono- 
wingo,  Maryland;  Keokuk,  Iowa;  Bonneville, 
Oregon;  Grand  Coulee,  Washington;  Wilson 
Dam,  Tennessee  River. 

Dams  vary  somewhat  in  construction,  de- 
pending on  the  primary  purpose  for  which 
they  are  made  and  the  location  of  the  dam. 
Dams  to  be  used  primarily  for  flood  control 
and  irrigation  may  be  different  from  those 
that  are  to  be  used  primarily  as  sources  of 
water  power. 

Procedure 

Introduce  this  problem  by  letting  the  pupils 
who  constructed  the  water  wheel  show  it  to 
the  class  and  operate  it.  Let  them  run  it  fast 
and  slow  and  suggest  that  the  children  observe 
it  closely.  Leave  the  water  wheel  where  the 
pupils  who  are  interested  can  operate  and  ob- 
serve it.  After  this  experience,  the  pupils  are 
ready  to  study  the  pictures  and  read  the  text 
of  this  problem.  The  picture  at  the  right  on 
page  55  gives  a simple  explanation  of  how  a 
dam  operates  to  turn  a water  wheel.  If  possible, 
a field  trip  to  a dam  to  observe  this  action  will 
be  profitable  and  interesting.  It  is  not  intended 
that  pupils  at  this  level  go  into  the  mechanics 
of  how  the  wheel  makes  electric  current. 

Questions  (Page  55) 

1.  The  water  wheel  in  th^  stream  flowing 
down  a mountain,  because  the  water  is  moving 
faster  and  exerts  more  force  on  the  wheel. 
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2.  So  they  could  make  use  of  the  force  of 
moving  water  to  run  machines. 

3.  Yes.  Without  energy,  moving  water 
would  have  no  force. 

4.  Water  wheels  are  turned  by  the  force  of 
moving  water,  which  is  being  pulled  downhill 
by  gravity. 

How  do  we  use  moving  air? 

(Pages  56-58) 

Concepts 

1.  Moving  air  has  force. 

2.  The  faster  air  moves,  the  more  force  it 
has. 

3.  The  force  of  gravity  makes  air  move. 

4.  People  have  learned  how  to  make  air 
move  to  provide  force. 

Information  for  the  teacher 

In  a vacuum  cleaner,  the  fan  is  part  of  a 
centrifugal  air  pump  driven  by  the  motor.  As 
the  fan  turns  rapidly  around,  a partial  vacuum 
is  created  near  the  center  of  the  pump.  At- 
mospheric pressure  forces  more  air  in  through 
the  nozzle  of  the  cleaner  and  into  the  center 
of  the  pump.  When  the  cleaner  is  pushed  across 
a rug,  the  air  rushes  through  the  rug  and  into 
the  cleaner,  carrying  dirt  and  dust  with  it. 

Procedure 

In  preparation  for  this  problem,  it  may  be 
possible  for  some  pupil  to  bring  a sailboat  to 
class  and  for  someone  to  bring  a vacuum 
cleaner.  After  experiences  with  the  sailboat  and 
vacuum  cleaner,  the  pupils  may  make  a list  of 
places  where  they  have  seen  the  force  of  mov- 
ing air  in  use.  Then  they  may  study  this  prob- 
lem, look  at  the  pictures,  and  add  to  the  list. 
Some  of  the  children  may  want  to  make  and 
use  pinwheels,  as  suggested  on  page  57. 

Questions  (Page  58) 

1.  In  all  of  the  ways  listed. 

2.  One  run  by  an  engine.  You  cannot  be 
sure  that  the  wind  will  blow  when  you  need  it. 


3.  An  electric  motor  runs  a fan,  and  the  fan 
makes  the  air  move  into  the  cleaner. 

4.  In  windmills,  sailboats,  iceboats. 

Why  can  steam  move  things? 

(Pages  59-61) 

Concepts 

1.  Steam  has  force  because  water  takes  up 
more  space  when  it  changes  to  steam. 

2.  The  energy  that  a steam  engine  uses 
comes  from  coal,  oil,  or  other  fuel. 

3.  Every  steam  engine  must  have  heat  and 
water. 

Experiment 

Page  60:  To  show  that  steam  has  force. 
Materials:  Test  tube,  cork,  test-tube  holder, 
source  of  heat. 

Information  for  the  teacher 

Pictures.  Page  59.  This  is  a mountain-type 
locomotive. 

Page  60.  The  inside  of  a mountain-type  loco- 
motive. The  water  in  the  boiler  surrounds  a 
great  number  of  tubes.  The  fire  and  the  hot 
gases  from  it  pass  through  the  tubes  and  heat 
the  water.  The  pipe  that  carries  the  steam  to 
the  cylinders  and  pistons  that  move  the  wheels 
is  in  the  space  above  the  water.  Steam  enters 
and  follows  the  path  marked  by  the  arrows. 

Page  61.  A De  Laval  turbine.  This  kind  of 
wheel  turned  by  steam  was  invented  by  a 
Swedish  inventor,  Carl  De  Laval,  for  use  in 
cream  separators.  This  principle  is  used  in 
the  large  steam  turbines  that  have  many  blades. 
Note  that  the  steam  is  not  visible.  The  white 
cloud  consists  of  water  droplets  formed  when 
the  steam  coming  out  of  the  tube  condenses 
as  it  reaches  the  cooler  air. 

Procedure 

Do  the  experiment  suggested  on  page  60  and 
ask  the  pupils  to  explain  what  happens.  Then 
have  them  examine  the  diagram  on  page  60 
to  see  whether  they  can  explain  how  steam 
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makes  the  locomotive  go.  After  the  experiment 
and  discussion,  the  pupils  should  read  pages 
59-61  to  discover  additional  ideas.  See  also 
Things  to  Do,  page  69,  Nos.  4 and  8. 

Questions  (Page  61) 

1.  A boiler  for  water  and  a fire  to  change 
the  water  to  steam. 

2.  Heat.  When  water  boils,  it  changes  to  a 
gas,  steam. 

3.  Gas.  No.  It  is  colorless.  What  you  see  is 
a cloud  of  water  droplets  formed  when  steam 
condenses  as  it  cools. 

4.  Steam  has  force.  The  energy  of  the  ex- 
panding steam  makes  the  force.  The  steam 
takes  up  much  more  space  than  the  water  and 
so  pushes  against  the  cork. 

5.  The  steam  is  sent  to  the  part  of  an  engine 
that  turns  a wheel.  It  pushes  hard  to  get  out. 
In  doing  this,  it  turns  the  wheel. 

How  do  we  use  the  force  of  explosions? 
(Pages  62-63) 

Concepts 

1.  When  anything  explodes,  it  suddenly  gets 
very  much  larger. 

2.  Gasoline  and  oil  have  force  when  they 
change  to  a gas  and  explode. 

Information  for  the  teacher 

The  parts  of  a gasoline  engine  where  the 
explosions  occur  are  the  cylinders.  The  force 
of  the  expanding  gas  pushes  down  on  the  pis- 
tons, which  are  attached  to  the  drive  shaft 
that  turns  the  wheels.  If  further  details  are 
desired,  see  a general  science  book  or  an  ele- 
mentary physics  book  for  a description  of  how 
the  gasoline  engine  works. 

In  a Diesel-driven  locomotive  such  as  the  one 
on  page  63,  much  of  the  space  in  the  three  or 
four  units  of  the  locomotive  is  occupied  by 
the  generators.  The  Diesel  engine  furnishes  the 
energy  to  run  the  generators.  The  generators 
run  motors,  which  turn  the  wheels.  Thus,  this 
is  properly  called  a Diesel-electric  locomotive. 
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Procedure 

Have  the  children  read  pages  62-63.  Pupils 
at  this  level  are  not  expected  to  go  into  a tech- 
nical discussion  of  the  internal-combustion  en- 
gine. It  is  sufficient  for  them  to  realize  that  the 
force  of  the  exploding  gas  is  responsible  for 
moving  a car  or  other  machine.  If  the  high- 
school  shop  has  a cut-away  model,  the  pupils 
may  be  interested  in  seeing  it.  See  also  Things 
to  Do,  page  69,  No.  7. 

Questions  (Page  63) 

1.  (a)  liquid;  ( b ) gas;  (c)  force;  ( d ) larger. 

2.  Ali\e:  produce  force  by  being  changed 
from  liquids  to  gases;  get  larger  and  push  out. 
Different:  Water  does  not  explode  to  make 
steam;  gasoline  explodes  to  become  larger. 

3.  An  electric  spark. 

How  does  electric  current  move 
tilings?  (Pages  64-66) 

Concepts 

1.  Electric  current  has  energy  that  makes  a 
force  which  moves  things. 

2.  An  electric  motor  is  a machine  that  uses 
the  energy  of  electric  current. 

3.  Electric  current  can  be  made  in  two  ways. 

a)  Electric  current  is  made  to  flow  by  a 
generator  that  is  run  by  some  other  force. 

b ) Electric  current  is  made  to  flow  by  an 
electric  cell. 

Experiments 

Page  64:  To  show  that  electric  current  can 
make  a magnet. 

Materials:  Large  iron  nail,  cotton-covered 
copper  wire,  dry  cell,  tacks. 

Page  65:  To  find  out  how  one  magnet  will 
turn  another. 

Materials:  Two  bar  magnets,  wooden  sup- 
port, string. 

Page  65:  To  show  how  electric  current  runs 
a motor. 

Materials:  Two  dry  cells,  cotton-covered 
copper  wire,  toy  motor. 


Information  for  the  teacher 

Electromagnets,  kinds  of  electric  cells,  mo- 
tors, etc.,  will  be  discussed  in  more  detail  in 
Unit  5 of  Discovering  Our  World , Boo\  Three. 
The  cells  shown  in  use  in  these  experiments  are 
dry  cells.  Do  not  leave  the  dry  cells  connected 
for  too  long,  as  they  will  wear  out.  There  is  no 
danger  of  the  pupils  getting  a shock  from  the 
dry  cells.  But  if  there  is  a complete  circuit 
for  too  long  a time,  the  wires  become  heated 
enough  to  burn  the  fingers. 

Procedure 

If  any  pupil  has  an  electric  train  and  can 
bring  it  to  school,  have  him  operate  the  train 
for  the  class  to  observe.  The  pupils  should  do 
the  experiments  pictured  at  the  bottom  of  page 
64  and  the  ones  on  page  65.  Then  have  them 
read  the  problem  to  check  their  findings.  The 
technical  explanation  of  how  an  electric  motor 
operates  is  not  to  be  considered.  The  important 
idea  is  that  the  energy  of  electric  current  is 
very  useful.  Have  the  pupils  list  as  many  places 
as  they  can  where  they  have  used  the  energy 
of  electric  current  to  move  things. 

Questions  (Page  66) 

1.  With  a generator;  with  an  electric  cell. 

2.  Because  it  produces  a force  that  will  turn 
a motor. 

3.  Washing  machine,  vacuum  cleaner,  street- 
car, water  pump,  electric  refrigerator,  electric 
fan,  etc. 

How  can  one  form  of  energy  be 
changed  to  another?  (Pages  67-68) 
Concept 

One  form  of  energy  can  be  changed  into 
another  form  of  energy. 

Information  for  the  teacher 

Pictures.  Pages  66-67.  The  electric  current 
is  sent  from  the  generators  through  “high  ten- 
sion” wires  supported  by  tall  steel  towers. 
From  these  wires,  the  current  is  stepped  down, 


that  is,  the  voltage  is  reduced,  for  ordinary  use. 
It  may  be  stepped  down  by  transformers  sev- 
eral times  between  the  original  source  of  the 
current  and  the  place  where  it  is  finally  used, 
depending  on  how  much  voltage  is  required. 

The  pictures  show  only  two  wires  for  the 
sake  of  simplicity.  Actually,  the  current  is 
usually  carried  by  three  wires,  one  of  which 
is  neutral  or  grounded. 

Page  68.  This  wind  generator  was  in  use  for 
several  years  near  Rutland,  Vermont.  Larger 
generators  of  this  type  have  been  planned  for 
use  in  other  parts  of  the  country. 

Text.  One  form  of  energy  can  be  changed 
into  another  just  as  matter  can  be  changed 
from  one  state  to  another.  The  recent  work  on 
nuclear  fission  has  also  shown  that,  under  cer- 
tain conditions,  energy  can  be  changed  into 
matter  and  matter  into  energy.  This  discovery 
has  led  many  scientists  to  believe  that  the  laws 
of  conservation  of  energy  and  of  conservation 
of  matter  are  really  two  parts  of  the  same  prin- 
ciple. The  sum  total  of  energy  and  matter  in 
the  universe  remains  the  same,  although  the 
amount  of  each  may  change  as  matter  or 
energy  changes  from  one  to  the  other. 

Procedure 

Use  the  pictures  on  pages  66-67  as  an  intro- 
duction to  the  last  problem  of  this  unit.  Let  the 
pupils  discuss  how  they  think  energy  of  moving 
water  is  keeping  Betty  cool.  After  this  discus- 
sion, let  the  pupils  read  page  67  and  then  ask 
them  to  think  of  places  where  one  form  of 
energy  is  changed  to  another.  After  this  dis- 
cussion, have  them  read  page  68. 

In  concluding  this  unit,  the  pupils  may  make 
a list  of  the  important  ideas  that  they  have 
learned  (see  concepts)  and  try  to  find  places 
where  these  ideas  are  functioning  in  their  en- 
vironment. This  activity  may  be  combined 
with  Things  to  Do,  Nos.  1 and  5,  on  page  69. 

Questions  (Page  68) 

1.  Gasoline  engine  could  run  a machine  to 
generate  electric  current  that  would  turn  a fan. 
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2.  Many  electric  generators  are  run  by  steam 
made  by  heating  water  with  a coal  fire.  The 
electric  current  could  run  a fan. 

Questions  to  answer  (Page  68) 

1.  Electric  current:  heat,  light,  cooking, 
cleaning,  ventilation,  telephone. 

2.  All  have  energy  and  create  force;  they 
can  move  things;  they  are  strong  and  can 
help  or  harm  us. 

3.  Makes  rivers  move  to  make  electric  cur- 
rent, causes  water  to  soak  into  the  ground  for 
plants,  etc.  Makes  things  hard  to  lift,  makes 
it  difficult  for  us  to  fly,  etc. 

4.  Electric  current  because  it  can  do  so  many 
things  for  us. 

5.  Dentist:  electric  current  to  run  his  drill, 
etc.  Farmer:  electric  current,  wind,  water,  etc., 
to  run  machines.  Railroad  engineer:  steam,  ex- 
plosion of  gasoline  or  oil,  electric  current  to 
run  trains.  Repair  man:  electric  current  to  run 
his  tools,  etc. 


6.  Explosion  of  gasoline  (motor  running 
threshing  machine) ; muscles  (men  and 
horses);  moving  air  (blower  in  thresher); 
wind  (windmill). 

Things  to  do  (Page  69) 

1-2.  Individual  activities. 

3.  May  be  steam  or  moving  water. 

4.  Usually  run  by  alcohol  lamp  or  electric 
current. 

5.  Story  on  page  45  will  be  helpful  in  writ- 
ing this  story. 

6.  Lists  will  vary  but  might  include  moving 
a piano  or  other  furniture,  bricks  or  lumber 
for  a house,  load  of  hay,  etc. 

7.  (a)  Usually  blasted  loose  with  dynamite 
or  TNT;  (b)  by  force  of  the  exploding  gun- 
powder in  the  cartridge. 

8.  If  possible,  arrange  for  a visit  to  see  a 
steam  locomotive.  The  engineer  will  probably 
be  willing  to  answer  questions  that  the  pupils 
ask. 


unit  Oo  How  Is  Our  Work  lAade  Easier ? 


Purpose  and  scope 

The  purpose  of  the  unit  is  to  acquaint  pupils 
with  the  importance  of  machines,  to  help  them 
become  aware  of  how  they  work,  to  teach  them 
the  easiest  principles  of  how  machines  work, 
to  impress  them  with  the  importance  of  safety 
rules  in  using  machines,  and  to  increase  their 
interest  in  and  appreciation  of  machines.  It  is 
important  to  remember  that  girls,  too,  are  inter- 
ested in  this  unit  as  well  as  the  boys.  Girls  may 
be  apt  to  assume  that  the  material  is  difficult 
until  they  see  how  simple  it  really  is.  They  will 
become  more  convinced  of  this  as  they  begin 
to  see  how  many  of  the  things  that  they  use 
every  day  are  really  machines.  At  this  level, 
it  is  not  necessary  to  go  into  the  mathematical 


relationships  involved  in  explaining  how  ma- 
chines help  us.  It  is  sufficient  to  demonstrate 
that  machines  do. 

Much  of  the  success  of  this  unit  depends  on 
giving  pupils  actual  experiences  that  will  make 
the  science  concepts  real  and  understandable. 
Many  simple  machines  will  be  found  in  the 
classroom  (pens,  pencils,  pencil  sharpener, 
window  pulleys,  etc.) . If  there  is  a general  shop 
or  an  auto  shop  in  connection  with  your  school 
or  a nearby  school,  it  will  furnish  excellent 
examples  of  the  ideas  developed.  The  occupa- 
tions of  many  of  the  fathers  of  the  pupils  will 
be  useful  as  examples.  The  machines  used  in 
the  kitchen  and  elsewhere  in  the  home,  those 
used  in  constructing  buildings  near  the  school 
and  many  other  places  will  all  be  useful. 
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Science  background 

Loo\  and  Learn:  Unit  2,  Machines 

All  Around  Us:  Unit  2,  Getting  Work  Done 

How  Do  We  Know?:  Unit  4,  Wheels  and 
Levers 

Discovering  Our  World , Boo\  Two:  Unit  2, 
What  Makes  Things  Move? 

General  concepts 

1.  A machine  is  a device  that  makes  work 
easier. 

2.  A force  must  be  used  to  make  a machine 
work. 

3.  Simple  machines  have  only  a few  parts. 

4.  Machines  with  many  parts  are  made  up 
of  simple  machines  put  together  in  different 
ways. 

5.  Levers,  inclined  planes,  pulleys,  and 
wheels  and  axles  are  simple  machines. 

6.  One  wheel  can  be  used  to  turn  another 
wheel. 

7.  Machines  can  be  made  to  work  more 
easily  when  we  reduce  the  friction  in  them. 

8.  Friction  is  often  useful  and  is  needed  to 
help  us  do  work. 

9.  Machines  can  be  dangerous  and  must  be 
used  carefully. 

Introducing  the  unit  (Page  71) 

Begin  by  asking  pupils  to  suggest  situations 
in  which  they  have  seen  machines  being  used. 
List  these  for  future  use  and  suggest  that  the 
pupils  observe  them  to  find  examples  of  the 
things  they  are  studying.  After  the  list  is  made, 
ask:  “How  many  ways  can  you  think  of  in 
which  machines  help  us?”  (To  lift,  to  move, 
to  cut,  etc.)  Pupils  may  then  read  page  71  to 
find  out  what  is  happening  in  the  picture  at 
the  top  of  the  page  and  to  find  some  of  the 
ways  in  which  machines  help  us.  After  this 
reading  and  discussion,  ask  the  pupils  to  ex- 
amine the  picture  at  the  top  of  page  72  and 
answer  the  two  questions  asked  under  the 
picture.  (See  “Information  for  the  teacher”  on 
this  page  of  the  Guideboo\.) 


What  is  a machine?  (Pages  72-73) 

Concepts 

1.  A machine  is  a device  that  makes  work 
easier. 

2.  A force  must  be  used  to  make  a machine 
work. 

3.  Simple  machines  have  only  a few  parts. 

4.  Machines  with  many  parts  are  made  up 
of  simple  machines  put  together  differently. 

Experiment 

Page  73:  To  show  that  a machine  makes 
work  easier. 

Materials:  Orange,  knife,  orange  squeezer, 
glass. 

Information  for  the  teacher 

Picture.  Page  72.  Top,  left,  squeezing  an 
orange — use  an  orange  squeezer;  center , break- 
ing a stick  of  wood — use  a saw  or  a hatchet; 
top,  right,  tearing  a piece  of  cloth — use  scissors; 
bottom , left,  moving  a heavy  box — put  it  on 
something  with  wheels;  bottom,  right,  getting 
heavy  stone  off  the  ground — use  a lever. 

Text.  Background  material  on  machines  can 
be  found  in  a general  science  book.  Some  books 
list  six  simple  machines:  lever,  inclined  plane, 
wedge,  screw,  pulley,  wheel  and  axle.  In  this 
book,  the  wedge  and  screw  are  classed  as  in- 
clined planes,  since  they  are  both  made  from 
inclined  planes. 

Procedure 

This  problem  may  be  introduced  by  follow- 
ing the  suggestion  in  the  first  paragraph  on 
page  73.  The  orange  squeezer  makes  the  work 
easier.  After  this  experience  suggest  that  the 
pupils  read  the  entire  problem  to  find  out:  (1) 
How  machines  are  different.  (2)  How  they  are 
alike.  (3)  What  things  they  can  do  for  us. 

Questions  (Page  73) 

1.  To  make  our  work  easier. 

2.  Answers  may  include  hammers,  saws, 
scissors,  screwdrivers,  etc. 
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How  do  we  use  levers?  (Pages  73-77) 

Concepts 

1.  All  levers  have  three  parts:  the  fulcrum, 
the  part  where  the  force  is  used,  and  the  part 
where  the  work  is  done. 

2.  The  nearer  the  fulcrum  of  a lever  is  to 
the  weight,  the  easier  it  is  to  lift  the  weight. 

3.  A lever  increases  the  force  or  changes  the 
direction  of  the  force. 

Experiments 

Pages  74-75:  To  see  how  a lever  works. 

Materials:  Board  three  feet  long  and  three 
inches  wide,  three-sided  block  of  wood  about 
two  inches  high,  two  small  boxes  of  the  same 
size,  stones,  sand  or  other  weight,  scales  to 
weigh  boxes. 

Pages  76-77:  To  see  how  levers  make  work 
easier. 

Materials  : Hammer,  tack,  board,  claw  ham- 
mer or  tack  puller,  large  stone  or  weight,  small 
stone,  crowbar  or  strong  wooden  stick  such  as 
a broomstick  (weight  must  be  limited  if  a 
wooden  stick  is  used). 

Information  for  the  teacher 

Pictures.  Page  76.  They  are  using  levers  to 
lift  something  up  by  pushing  down.  They  are 
increasing  the  force  and  changing  the  direction 
of  the  force. 

Text.  The  fulcrum  of  a lever  is  correctly 
described  as  the  point  on  which  the  lever  pivots 
or  turns.  At  this  grade  level,  the  three  classes 
of  levers  are  not  taught  by  name.  It  is  sufficient 
to  show  that  levers  may  differ  in  arrangement 
of  the  fulcrum. 

The  part  of  the  lever  from  the  force  to  the 
fulcrum  is  known  as  the  force-arm  and  the 
part  from  the  weight  to  the  fulcrum  is  the 
weight-arm.  For  a small  force  to  lift  a greater 
weight,  the  force-arm  must  be  longer  than  the 
weight-arm. 

In  the  picture  on  page  75,  one  boy  can  lift 
five  boys  because  the  five  boys  (the  weight) 
are  nearer  the  fulcrum  than  the  one  boy  (the 
force).  The  lever  increases  the  force. 


Procedure 

Interest  in  this  problem  on  levers  will  be 
increased  if  the  teacher  asks  whether  anyone 
can  use  the  board  and  block  to  lift  another 
pupil  in  the  class.  Suggest  that  they  use  the 
pictures  in  the  problem  to  help  them  if  they 
cannot  otherwise  figure  out  how  to  do  it.  Let 
them  discover  anything  that  they  6an  about 
moving  the  block  various  distances. 

After  this  experience,  have  them  perform  the 
experiments  suggested  in  the  last  paragraph 
on  page  74  and  on  page  75.  Do  not  let  the 
pupils  read  any  more  of  the  text  than  that 
which  describes  how  the  experiment  should  be 
performed,  since  for  the  rest  of  the  problem 
they  need  to  know  the  meaning  of  the  term 
fulcrum.  Let  them  draw  such  conclusions  as 
they  can  from  the  experiments.  They  should 
be  able  to  see  how  the  force  and  the  weight 
lifted  have  a relationship  to  the  position  of  the 
fulcrum.  After  they  have  discussed  their  find- 
ings, they  may  read  the  problem  to  find  addi- 
tional ideas  that  they  had  not  discovered  for 
themselves.  As  an  assignment,  ask  pupils  to 
look  for  examples  of  places  where  levers  are 
being  used  and  to  report  them  to  the  class. 

Since  this  section  on  levers  is  long,  it  should 
be  broken  into  two  lessons.  The  second  lesson 
should  begin  with  page  76  after  pupils  have 
reported  their  observations  of  levers. 

In  introducing  the  remaining  material  (be- 
ginning on  page  76),  have  pupils  try  the  ex- 
periment with  the  nail  in  the  board  described 
on  page  76.  Let  them  try  to  pull  the  nail  with- 
out the  hammer.  Then  let  them  try  it  with  the 
hammer.  Help  them  identify  the  weight,  the 
force,  and  the  fulcrum. 

After  this  experience,  use  the  pictures  on 
page  77  by  asking  pupils  to  locate  the  force, 
fulcrum,  and  the  place  where  the  work  is  done. 
Ask  them  first  to  find  out  how  the  nutcracker 
is  different  from  the  other  levers  they  have 
used.  (The  fulcrum  is  at  one  end  in  the  nut- 
cracker.) After  this  difference  has  been  pointed 
out,  have  the  children  examine  the  other  pic- 
tures to  see  where  the  force  and  fulcrum  are. 
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The  remainder  of  the  text  may  then  be  read. 
Ask  the  pupils  to  make  a list  of  the  important 
ideas  that  they  have  learned  about  levers.  They 
should  include  the  concepts  given  on  page  40 
of  this  Guideboo\. 

Questions  (Page  77) 

1.  Nutcracker:  Fulcrum  is  the  hinge;  force 
is  put  at  the  other  end;  the  work  is  done  on  the 
sides.  Increases  the  force  of  the  hand.  Scissors: 
Fulcrum  is  the  point  at  which  the  blades  are 
joined;  force  is  put  at  the  handles;  work  is 
done  along  the  blades.  Resulting  work  is  better, 
faster,  and  easier  than  any  other  sharp  instru- 
ment could  do.  Crowbar:  Small  stone  is  the 
fulcrum;  force  is  applied  at  the  long  end  of 
the  bar;  work  is  done  at  the  short  end.  Easier 
to  lift  or  move  heavy  objects  than  by  muscles 
alone,  since  it  increases  the  force  of  the  muscles 
and  changes  the  direction  of  the  force.  Tac\ 
puller:  The  place  just  back  of  the  claws  where 
it  rests  against  the  board  is  the  fulcrum;  force 
is  applied  at  the  end  of  the  handle;  work  is 
done  by  the  short  prongs.  Increases  force  and 
changes  direction  of  force.  Probably  could  not 
pull  the  tack  with  fingers  alone.  Rowboat:  The 
fulcrum  is  at  the  ends  of  the  blades  in  the 
water;  force  is  applied  at  the  short  ends  or 
handles;  work  is  done  at  point  where  the  oars 
are  attached  to  the  boat  (oarlocks).  Increases 
force.  Could  not  move  a large  boat  with  hands 
alone.  Snow  shovel:  Fulcrum  is  at  the  point 
where  hand  holds  the  shovel;  force  is  put  at 
the  handle  by  the  other  hand;  work  is  done  at 
the  lower  shovel  end.  Does  a greater  amount  of 
work  than  could  be  done  with  hands  alone. 
Baseball  bat:  Fulcrum  is  at  the  end  of  the  bat 
nearest  us;  force  is  put  on  the  handle,  work 
is  done  at  the  long,  larger  end.  Makes  bat  move 
faster.  Broom:  Fulcrum  is  at  top  end  of  broom; 
force  applied  to  handle;  work  done  at  floor 
end.  Increases  sweep  of  broom.  Sugar  tongs: 
Fulcrum  is  at  the  curved  hinge;  force  is  ap- 
plied at  the  sides;  work  is  done  at  the  ends. 

2.  Put  the  fulcrum  as  close  to  the  weight  as 
possible. 


3.  Put  the  fulcrum  between  the  weight  and 
the  force.  Pushing  down  on  one  end  of  the 
lever  pushes  up  on  the  other. 

4.  You.  Short  end.  (The  heavier  child  should 
be  nearer  the  middle.  The  nearer  he  is  to  the 
fulcrum,  the  easier  it  is  to  lift  him.) 

How  do  we  use  inclined  planes? 
(Pages  78-81) 

Concepts 

1.  A weight  can  be  pushed  or  pulled  up  an 
inclined  plane  more  easily  than  it  can  be  lifted. 

2.  A wedge  is  two  inclined  planes  joined 
together. 

3.  A screw  is  an  inclined  plane  that  winds 
around  as  it  climbs. 

Experiments  and  observations 

Pages  78-79 : To  show  how  an  inclined  plane 
makes  work  easier. 

Materials:  Two  smooth  boards — one  about 
four  feet  long  and  six  inches  wide,  the  other 
eight  feet  long — strong  cord,  large  book  or 
other  weight,  books,  spring  balance,  table. 

Page  81 : To  show  that  a screw  is  an  inclined 
plane. 

Materials:  Square  piece  of  paper,  scissors, 
pencil. 

Procedure 

This  problem  combines  the  inclined  plane, 
the  wedge,  and  the  screw  and  shows  how  they 
are  alike.  The  experiment  described  and  illus- 
trated on  pages  78-79  will  be  a very  good  in- 
troduction. Let  the  pupils  read  the  directions 
carefully,  assemble  the  materials,  perform  the 
experiment,  and  try  to  answer  the  questions  in 
the  text.  In  doing  this  experiment  they  should 
read  the  spring  balance  after  the  book  has 
begun  to  move,  because  more  force  is  used  in 
starting  to  move  the  book.  To  make  sure  that 
pupils  understand  the  meaning  of  the  words 
inclined  and  plane,  let  them  read  the  explana- 
tion of  these  terms  on  page  78.  After  they  have 
read  the  text  and  performed  the  experiment, 
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the  pupils  may  discuss  the  pictures  on  page  78 
by  telling  how  these  inclined  planes  make  the 
work  easier.  Then  have  them  suggest  places 
where  they  have  seen  other  inclined  planes 
being  used.  The  first  paragraph  on  page  80 
suggests  some  places  the  pupils  may  not  think 
of. 

A simple  wedge  made  of  wood  like  the  one 
pictured  on  page  80  (upper  left)  will  help 
pupils  see  that  a wedge  is  really  two  inclined 
planes  put  together.  Ask  the  pupils  to  bring 
examples  of  wedges  to  class.  Then  page  80  may 
be  read  and  discussed  along  with  the  wedges 
that  have  been  collected. 

Introduce  the  section  on  screws  by  having 
the  pupils  perform  the  demonstration  pictured 
on  page  81.  Each  child  should  do  this  for  him- 
self to  make  the  idea  clearer.  After  the  dem- 
onstrations, let  the  pupils  read  page  81. 

Questions  (Page  81) 

1.  By  setting  up  an  inclined  plane  and 
showing  with  a spring  balance  the  actual 
number  of  pounds  of  force  each  way  uses. 

2.  Ramp  up  which  people,  cars,  or  cattle  can 
be  moved  more  easily  than  if  they  have  to  be 
lifted.  Planks  from  ground  to  truck  floor  on 
which  boxes,  barrels,  or  heavy  furniture  can 
be  pushed  instead  of  lifted.  Track  along  which 
automobiles  can  be  driven  into  auto-carriers 
instead  of  lifted.  Jack  used  to  lift  automobiles. 
Sloping  trail  or  road  along  which  it  is  easier 
to  climb  a hillside  than  to  go  straight  up. 

3.  Wedge;  each  side  is  an  inclined  plane. 
Screw;  it  is  an  inclined  plane  wound  around 
in  a spiral. 

4.  Lever  and  inclined  plane  (wedge). 

How  do  we  use  pulleys?  (Pages  82-87) 

Concepts 

1.  A fixed  pulley  can  be  used  to  change  the 
direction  of  a force. 

2.  A movable  pulley  can  be  used  to  increase 
the  force. 

3.  Pulleys  can  be  combined  in  a block  and 
tackle.  The  more  movable  pulleys  that  are  used, 
the  easier  it  is  to  move  the  weight. 


Experiments 

Page  82:  To  make  a fixed  pulley. 

Materials:  Strong  spool,  large  nail,  three 
small  pieces  of  wood,  screw  eye. 

Pages  82-83:  To  show  how  a fixed  pulley  is 
used. 

Materials:  Pulley,  strong  cord,  weight  (pail 
or  basket  filled  with  sand,  stones,  etc.),  spring 
balance,  hook  or  nail. 

Page  85:  To  show  how  a movable  pulley  is 
used. 

Materials  : Pulley,  strong  cord,  weight  (pail 
or  basket  filled  with  sand,  stones,  etc.),  spring 
balance,  hook  or  nail. 

Page  86:  To  show  how  a block  and  tackle 
makes  work  easier. 

Materials:  Two  pulleys,  two  pulley  blocks, 
each  with  two  wheels,  strong  cord,  spring  bal- 
ance, weight. 

Information  for  the  teacher 

Picture.  Page  87.  The  lifeboat  is  being  lifted 
by  a block  and  tackle.  This  enables  the  men  to 
lift  the  heavy  boat  higher  than  their  heads. 

Text.  Pulleys  may  be  brought  from  home 
by  the  pupils  or  may  be  bought  at  the  ten-cent 
store.  The  pupils  can  also  easily  make  one  by 
following  the  directions  given  on  page  82.  If 
a home-made  pulley  is  used  in  the  experiments, 
be  sure  that  it  is  made  strong  enough  to  avoid 
accident. 

With  fixed  pulleys,  things  can  be  moved  to 
places  otherwise  impossible  or  difficult  to  reach. 
For  example,  a man  down  in  a pit  could  lift 
materials  to  the  top  without  having  to  climb 
out  of  the  pit.  But  there  is  no  mechanical  ad- 
vantage in  using  a fixed  pulley,  that  is,  the 
force  required  is  not  lessened.  ( Mechanical  ad- 
vantage means  the  ratio  of  the  force  produced 
by  a machine  to  the  force  applied  to  it.)  With 
the  fixed  pulley,  the  weight  and  the  force 
needed  to  lift  it  are  equal;  and  the  force  and 
the  weight  move  an  equal  distance.  (The  me- 
chanical advantage  is  1.)  It  is  easier  to  pull 
down  than  to  lift  up.  In  pulling,  a person  has 
the  weight  of  his  body  to  help  him. 
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With  a movable  pulley,  a mechanical  ad- 
vantage is  obtained.  The  force  needed  to  lift 
the  weight  is  less  than  the  weight,  but  the 
force  moves  farther  than  the  weight.  Less  force 
is  needed,  but  the  force  has  to  move  through 
a greater  distance  than  without  the  pulley. 
When  several  movable  pulleys  are  used  to- 
gether in  a pulley  block,  the  work  becomes  still 
easier.  The  more  strands  of  rope  that  support 
the  weight,  the  more  easily  the  weight  is  lifted, 
that  is,  the  greater  the  mechanical  advantage. 

Procedure 

In  preparation  for  this  problem,  ask  some 
interested  pupils  to  make  the  pulley  pictured 
on  page  82.  Several  pupils  can  make  such  pul- 
leys and  use  them. 

This  section  may  be  introduced  by  discussing 
this  question:  “How  do  you  think  our  world 
would  be  different  if  the  wheel  had  never  been 
invented?”  Following  this  discussion,  the  first 
three  paragraphs  on  page  82  may  be  read.  The 
pupils  may  then  use  the  pulley  that  they  have 
made  to  do  the  experiment  described  in  the 
next  four  paragraphs.  Let  as  many  pupils  as 
possible  do  the  experiment  with  the  pulley  so 
that  they  can  notice  how  the  pulley  makes  the 
work  easier. 

Have  the  class  read  the  rest  of  page  83  and 
all  of  page  84.  After  page  84  is  read,  have  the 
pupils  suggest  additional  places  where  they 
have  seen  pulleys  used.  Write  a statement  on 
the  board  that  tells  how  fixed  pulleys  help  us. 
Be  sure  that  the  pupils  realize  that  they  have 
used  only  one  type  of  pulley — the  fixed  pulley, 
that  is,  a pulley  that  does  not  move. 

As  with  levers,  the  problem  on  pulleys  should 
be  divided  into  two  lessons.  The  second  lesson 
is  devoted  to  a study  of  the  movable  pulley. 
Begin  the  study  by  having  the  class  do  the 
experiments  pictured  on  pages  85  and  86.  After 
the  results  have  been  discussed,  let  the  pupils 
read  pages  86-87.  The  last  paragraph  on  page 
87  gives  the  essential  understandings  for  this 
problem  on  pulleys.  Ask  pupils  to  show,  in  as 
many  ways  as  they  can,  that  they  really  under- 
stand these  ideas. 


Questions  (Page  87) 

1.  Change  the  direction  of  the  force;  increase 
the  force. 

2.  By  using  a single  movable  pulley. 

3.  Several.  The  more  puileys  there  are,  the 
easier  it  is  to  lift  the  weight. 

4.  Fixed  pulley:  Does  not  increase  force  but 
changes  the  direction  of  force;  makes  our  work 
easier;  is  fastened  in  one  place.  Movable  pulley: 
Moves  with  the  weight;  lifts  a heavier  weight 
with  a smaller  force.  Pulley  bloc\:  Several  pul- 
ley wheels  set  side  by  side  in  one  frame;  used 
to  lift  heavy  weights;  more  pulley  wheels  re- 
quire less  force.  Bloc\  and  tac\le:  Two  pulley 
blocks  and  the  rope  that  runs  over  their  wheels; 
used  in  lifting  such  weights  as  pianos,  boats, 
elevators,  and  extremely  heavy  weights. 

5.  Moving  heavy  objects,  such  as  furniture, 
cars,  machinery,  etc.;  in  window  frames;  for 
clotheslines  strung  high  up,  etc. 

How  do  we  use  a wheel  and  axle? 
(Pages  88-90) 

Concept 

When  a big  wheel  is  fastened  to  a small  axle, 
a little  force  on  the  wheel  will  move  a heavy 
weight  attached  to  the  axle. 

Experiment 

Page  88:  To  make  a wheel-and-axle  machine 
and  to  show  how  it  works. 

Materials:  Board  one  inch  thick  and  six 
inches  wide,  saw,  auger,  cardboard,  nails,  tacks, 
three  pieces  of  wood  for  frame,  cord,  clamp, 
weight,  spring  balance. 

Information  for  the  teacher 

Picture.  Page  90.  Right.  In  the  crane  on  the 
tow  truck,  the  crank  at  the  side  of  the  truck  is 
the  wheel;  and  the  larger  wheel  around  which 
the  chain  travels  is  the  axle. 

Procedure 

In  preparation  for  this  problem,  the  pupils 
should  make  a wheel  and  axle.  Let  the  pupils 
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read  page  88,  then  perform  the  experiment  and 
discuss  the  result.  After  this,  ask  the  pupils 
to  name  other  wheels  and  axles  in  the  school- 
room. Probably  no  one  will  think  to  name  the 
doorknob.  Let  pupils  read  pages  89-90.  Have 
them  take  the  doorknob  apart,  as  suggested, 
to  see  how  it  operates.  Page  89  gives  the  essen- 
tial concept  to  be  understood  about  the  wheel 
and  axle — a small  force  produces  a larger  force. 
Use  the  pictures  on  pages  89-90  to  suggest  fur- 
ther uses  for  the  wheel  and  axle. 

Questions  (Page  90) 

1.  The  axle  in  a pulley  is  not  attached  to  the 
wheel  and  so  does  not  turn  with  the  wheel. 

2.  On  the  wheel.  The  wheel  turns  the  axle, 
which  does  the  work. 

3.  You  turn  the  wheel  (the  knob),  which 
turns  the  axle  and  does  the  work. 

4.  So  that  just  a slight  turn  on  the  wheel 
will  turn  the  rod  with  more  force. 

How  can  one  wheel  turn  another 
wheel?  (Pages  91-92) 

Concepts 

1.  One  wheel  can  be  made  to  turn  another 
wheel  by  connecting  them  with  a belt. 

2.  One  wheel  can  be  made  to  turn  another 
wheel  by  fitting  them  together  as  gears. 

3.  A big  wheel  turning  slowly  will  make  a 
little  wheel  turn  rapidly. 

Information  for  the  teacher 

The  teeth  of  a gearwheel  are  also  called 
sprockets.  Gearwheels  on  a bicycle  are  often 
referred  to  as  sprocket  wheels. 

More  than  two  gears  working  together  are 
known  as  a train  of  gears.  (Picture,  page  92.) 

Procedure 

In  preparation  for  this  problem,  ask  pupils 
to  describe  any  places  where  they  have  seen 
one  wheel  turn  another.  Bring  a bicycle  into 
the  schoolroom  so  they  can  see  how  one  wheel 
turns  another.  Have  them  examine  an  egg 


beater  to  see  how  wheels  turn  at  different 
speeds.  Then  read  and  discuss  pages  91-92. 

Questions  (Page  92) 

1.  Faster.  Egg  beater. 

2.  Slower.  Sewing  machine. 

3.  Belt,  gears. 

4.  Gearwheels  prevent  slipping  because  the 
teeth  fit  into  each  other. 

5.  This  number  will  vary,  depending  on 
how  the  bicycle  is  geared.  A high-gear  bicycle 
has  a large  front  sprocket  wheel  and  a small 
rear  sprocket  wheel,  thus  giving  a great  in- 
crease in  speed  and  distance.  A low-gear  bicycle 
has  a smaller  front  sprocket  wheel  and  a larger 
rear  sprocket  wheel;  though,  of  course,  the 
front  is  still  larger  than  the  rear.  This  arrange- 
ment gives  less  increase  in  speed  and  distance, 
but  less  force  is  required  in  going  up  hills.  The 
rear  wheel  may  go  around  five  times,  three 
and  one-half  times,  two  and  one-half  times,  etc., 
depending  on  the  kind  of  bicycle. 

How  can  we  make  machines  work 
better?  (Pages  93-97) 

Concepts 

1.  Friction  results  when  two  things  rub 
against  each  other. 

2.  Friction  wastes  energy  and  thus  requires 
extra  force. 

3.  Friction  is  reduced  by  making  surfaces  as 
smooth  as  possible. 

4.  Friction  causes  materials  to  wear  out  and 
to  become  very  hot. 

5.  Friction  is  reduced  by  using  oil,  grease, 
wheels,  rollers,  and  ball  bearings. 

6.  Friction  sometimes  helps  machines  work 
better. 

Experiments  and  observations 

Page  93:  To  show  that  friction  is  reduced 
by  smooth  surfaces. 

Materials:  Two  rough  boards,  two  smooth 
boards. 

Page  94:  To  show  that  oil  or  grease  reduces 
friction. 
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Materials:  Two  flat  pieces  o £ metal;  oil  or 
grease. 

Page  94:  To  show  that  friction  makes  heat. 

Material:  Penny  (or  other  coin). 

Page  95:  To  show  that  wheels  or  other  rollers 
cut  down  friction. 

Materials:  Small  box,  sand,  stones  or  other 
weights,  toy  wagon,  one  dozen  round  pencils, 
round  metal  balls  or  shot. 

Information  for  the  teacher 

Friction  may  be  defined  as  the  rubbing  of 
one  surface  against  another,  or  the  resistance 
to  motion  of  surfaces  that  touch  each  other. 
The  amount  of  friction  is  independent  of  the 
areas  of  contact  but  is  proportional  to  the  force 
pressing  the  surfaces  together.  For  example,  it 
takes  the  same  force  to  draw  a brick  across  a 
level  surface  when  the  brick  is  on  its  side  as 
when  it  is  on  end.  But  the  friction  will  be 
doubled  if  another  brick  of  the  same  weight  is 
placed  on  top  of  the  first  one. 

For  further  information  about  friction,  see  a 
good  general  science  text  or  a book  such  as 
Physics  Tells  Why  (see  Bibliography). 

Procedure 

This  problem  may  be  introduced  by  refer- 
ring the  pupils  to  the  last  sentence  on  page  85 
and  asking  them  whether  they  can  figure  out 
what  this  sentence  means.  Ask  them  if  they 
can  explain  this  statement:  “Some  of  the  force 
that  is  used  in  a machine  is  always  wasted.” 
From  the  discussion  that  follows,  the  problem 
of  friction  and  what  it  is  and  does  will  probably 
be  raised.  Ask  pupils  to  give  examples  of  fric- 
tion and  tell  how  they  can  reduce  it.  (Rubbing 
hands  together,  shoes  on  floor,  etc.)  Then  have 
them  do  the  experiments  described  on  pages  93 
and  94.  Pupils  are  now  ready  to  read  from  page 
93  to  the  end  of  the  first  complete  paragraph  on 
page  95.  After  the  reading,  pupils  may  use  the 
picture  on  page  94  as  a basis  for  discussing 
what  they  have  read. 

The  pictures  on  page  95  will  raise  the  ques- 
tion of  using  wheels  or  rollers  to  reduce  fric- 


tion. As  an  introduction  to  this  concept,  have 
the  children  do  the  experiment  described  on 
page  95.  After  this  experiment  has  been  per- 
formed, the  rest  of  the  problem  may  be  read 
and  discussed. 

Questions  (Page  97) 

1.  Friction  causes  parts  to  wear  out  more 
quickly,  requires  more  force,  wastes  energy  by 
changing  it  to  heat. 

2.  Keep  surfaces  smooth  so  that  they  slide 
easily.  Use  oil  and  grease  to  keep  surfaces  apart. 
Use  wheels,  rollers,  and  balls  to  make  surfaces 
roll  instead  of  sliding  over  each  other. 

3.  To  make  the  piece  of  furniture  easier  to 
move  by  reducing  friction. 

4.  Pleat  is  caused  by  the  friction  between 
the  axles  and  the  bearings.  If  the  oil  leaks  out 
or  is  used  up,  a “hotbox”  results. 

How  can  we  use  machines  safely? 
(Pages  97-99) 

Concept 

Machines  can  be  dangerous  and  must  be  used 
carefully. 

Information  for  the  teacher 

The  National  Safety  Council  has  material 
on  safety  with  machines  that  can  be  used  in 
connection  with  this  problem.  Teachers  may 
write  to  the  School  and  College  Department, 
National  Safety  Council,  20  N.  Wacker  Drive, 
Chicago  6,  111.,  for  a list  of  materials  available. 

Procedure 

This  problem  on  safety  is  very  important.  It 
is  effective  only  if  the  knowledge  is  translated 
into  intelligent  action  on  the  part  of  pupils. 
First  have  them  read  pages  97-99  and  then 
discuss  the  ten  rules  on  page  99.  Each  child 
should  be  able  to  tell  why  he  should  observe 
the  rule  (putting  away  skates,  using  a knife, 
opening  a can,  etc.) . In  order  to  make  the  ideas 
real,  ask  pupils  to  watch  newspapers  for  ac- 
counts of  accidents.  If  the  cause  of  the  accident 
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is  indicated,  have  the  pupils  tell  which  of  the 
safety  rules  was  not  followed.  These  rules 
should  continue  to  be  emphasized  after  the 
unit  is  finished. 

Questions  (Page  99) 

1.  Answers  might  include  getting  hands  too 
near  gearwheels;  using  knives  carelessly;  leav- 
ing machines  out  of  place;  etc. 

2-3.  Answers  individual. 

Questions  to  answer  (Page  100) 

1.  Post-hole  digger:  Lever;  wheel  and  axle. 
Sailboat : Wheel-and-axle  machine  for  steering; 
pulleys  to  help  move  sails.  Fixed  pulleys:  Lift- 
ing a heavy  object  with  a small  force;  changing 
the  direction  of  the  force.  Large  jac\screw: 
Increasing  force  so  that  one  man  can  lift  up  a 
freight  car. 

2.  Inclined  plane,  lever,  wedge.  Pulley, 
wheel-and-axle  machine. 

3.  A fixed  pulley  stays  in  one  place  and  only 
changes  the  direction  of  the  pull,  without  re- 
ducing the  force  needed;  a movable  pulley 
moves  with  the  weight  and  makes  it  possible 
to  lift  the  weight  with  less  force. 

4.  Wedge.  Lever.  Inclined  plane.  Pulley. 

5.  Examples : Pulley  on  windows  and  shades 
to  raise  and  lower  them;  pulley  on  globe  to 


raise  and  lower  it;  wheel-and-axle  machine  on 
doorknob;  etc. 

6.  The  part  where  the  axle  is  supported  as 
it  turns.  Friction  at  this  part  will  cause  heat, 
wear,  and  loss  of  force. 

7.  Answers  might  include:  Friction  should 
be  kept  as  small  as  possible.  In  each  simple 
machine , there  are  only  a few  parts  (or  all 
machines  are  made  up  of  simple  machines  put 
together).  The  support  of  a lever  is  the  ful- 
crum. Belts  are  one  way  of  making  one  wheel 
turn  another.  Gearwheels  are  used  to  keep 
wheels  from  slipping  on  each  other  as  they 
turn.  Ball  bearings  help  to  reduce  friction  when 
one  part  of  a machine  turns  on  another. 

8.  Some  machines  would  not  work  without 
friction.  Driving  on  snow  with  skid  chains, 
putting  “friction”  tape  on  a baseball  bat,  etc. 

9.  Much  more  primitive. 

Things  to  do  (Pages  100-101) 

1.  Pupils  may  look  at  carpenter’s  tools, 
kitchen  utensils  including  egg  beaters  and 
wall-type  can  openers,  and  many  other  tools 
using  one  or  more  simple  machines. 

2.  Answers  individual. 

3.  Many  magazine  and  newspaper  articles 
and  advertisements  show  machines. 

4-6.  Individual  or  class  activity. 


UNIT 


How  Do  Heating  and  Cooling  Change  Materials? 


Purpose  and  scope 

In  this  unit  as  in  the  previous  one,  there  are 
again  many  examples  in  the  immediate  envi- 
ronment of  the  pupils  that  illustrate  the  science 
principles.  Through  a study  of  this  unit,  pupils 
will  become  more  aware  of  the  effect  of  heating 
and  cooling  on  the  solids,  liquids,  and  gases 
that  they  encounter  each  day.  For  many  pupils, 
the  ideas  in  this  unit  are  quite  new.  They  prob- 


ably have  observed  examples  but  never  thought 
enough  about  them  to  be  genuinely  curious. 
The  unit  should,  therefore,  increase  interest  in 
this  phase  of  science. 

A study  of  how  some  home  heating  systems 
operate  forms  an  important  part  of  the  unit, 
and  there  should  be  ample  opportunity  for  pu- 
pils to  observe  them  first-hand.  If  new  build- 
ings are  being  erected  near  the  school,  the  in- 
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stallation  of  the  heating  units  will  interest  the 
pupils. 

The  science  principles  taught  in  this  unit 
are  necessary  for  an  adequate  understanding 
of  later  units  of  the  series  such  as  Discovering 
Our  World , Boo\  Three,  Units  2 and  3. 

Science  background 

All  Around  Us:  Unit  3,  Sun,  Wind,  and 
Weather 

Discovering  Our  World,  Boo\  One:  Unit  2, 
Why  Do  All  Living  Things  Need  Air  and 
Water?  Unit  5,  What  Can  We  See  in  the  Sky 
at  Night? 

Discovering  Our  World,  Boo\  Two:  Unit  2, 
What  Makes  Things  Move? 

General  concepts 

1.  Heating  makes  solids,  liquids,  and  gases 
expand,  or  get  larger. 

2.  Cooling  makes  solids,  liquids,  and  gases 
contract,  or  get  smaller. 

3.  When  liquids  or  gases  expand,  they  be- 
come lighter. 

4.  Heating  melts  some  solids. 

5.  Heating  makes  some  liquids  change  to 
gases. 

6.  Liquids  change  to  gases,  or  evaporate,  at 
less  than  boiling  temperatures. 

7.  Gases  change  to  liquids,  or  condense, 
when  they  are  cooled. 

8.  Hot  water  and  hot  air  are  used  to  heat 
houses. 

Introducing  the  unit  (Page  103) 

Information  for  the  teacher 

The  picture  on  page  102  shows  a steel  works 
where  molten  iron  is  being  taken  from  cupolas, 
or  small  blast  furnaces,  where  it  has  been  puri- 
fied. Materials  will  now  be  added  to  convert  it 
into  steel. 

Procedure 

The  incident  described  in  the  introductory 
section  may  be  used  to  introduce  the  unit. 


After  it  has  been  read,  ask  pupils  to  see  if  they 
can  explain  what  happened.  Such  a discussion 
will  lead  directly  into  the  first  problem,  and  to 
the  experiment  pictured  on  page  104. 

How  do  heating  and  cooling  change 
the  size  of  solids?  (Pages  103-106) 

Concepts 

1.  Heating  makes  most  solids  expand,  or  get 
larger. 

2.  Cooling  makes  most  solids  contract,  or  get 
smaller. 

3.  In  many  common  uses  of  solids,  allowance 
is  made  for  expansion  and  contraction. 

Experiments 

Pages  103-104:  To  find  out  what  heat  does 
to  solids. 

Materials:  Copper  or  iron  wire  about  three 
feet  long,  two  supports,  small  stone  or  weight, 
source  of  heat  (alcohol  lamp  or  bunsen  burner 
if  possible). 

Page  104:  To  find  out  what  heat  does  to  a 
solid. 

Materials  : Strip  of  metal,  nails,  board, 
source  of  heat. 

Information  for  the  teacher 

Pictures.  Page  104.  Home-made  supports, 
such  as  shown  in  the  picture,  or  ring  stands 
may  be  used  for  this  experiment. 

Page  105.  The  apparatus  for  this  ball  and  ring 
experiment  can  be  purchased  from  a scientific 
supply  company  if  desired.  (See  page  95.) 

Text.  In  the  experiment  with  the  strip  of 
metal  nailed  to  the  board,  the  metal  strips  will 
get  longer  and  buckle  on  the  board  to  which 
they  are  nailed. 

Telephone  wires  are  not  stretched  tightly 
because  in  cold  weather  they  contract  and 
would  be  likely  to  break. 

Procedure 

Have  the  pupils  perform  the  experiments  on 
pages  103-104  and  let  them  offer  their  explana- 
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tions.  If  the  ball  and  ring  pictured  on  page 
105  are  not  available,  use  the  pictures  instead 
and  ask  pupils  to  explain  what  is  happening 
and  to  tell  why  they  think  it  is  happening. 

After  these  experiments  have  been  performed, 
ask  pupils  to  make  a general  statement  describ- 
ing what  they  have  learned  about  the  problem. 
Write  this  statement  on  the  board.  Then  ask 
pupils  to  try  to  think  of  other  places  where 
they  have  seen  that  heat  causes  solids  to  expand 
and  cooling  causes  them  to  contract.  After 
their  examples  have  been  given,  they  may  read 
the  problem  to  find  other  examples  and  to  find 
additional  information  that  they  themselves 
had  not  discovered.  The  pictures  on  pages  103 
and  106  show  common  examples  of  the  science 
principles.  Ask  pupils  to  identify  them.  See  also 
Things  to  Do,  page  123,  No.  2. 

Questions  (Page  106) 

1.  So  that  they  will  leave  room  for  changes 
in  size  when  building  or  working  with  solids. 

2.  Contract  means  get  smaller;  expand,  get 
larger. 

3.  No,  because  the  iron  frames  will  contract 
when  they  get  cold. 

4.  No,  they  should  let  the  wires  sag,  because 
in  cold  weather  the  wires  will  contract  and 
may  break. 

5.  The  concrete  would  expand  and  crack. 

What  happens  to  liquids  when  they  are 
heated  or  cooled?  (Pages  107-109) 

Concepts 

1.  Heating  makes  most  liquids  expand. 

2.  Cooling  makes  most  liquids  contract. 

3.  When  liquids  expand,  they  become 
lighter. 

4.  Warm  water  is  pushed  upward  by  the 
colder,  heavier  water,  which  sinks. 

Experiments 

Pages  107-108:  To  find  out  what  happens  to  a 
liquid  when  it  is  heated  and  cooled. 

Materials:  Test  tube,  rubber  or  cork  stopper 
with  hole,  glass  tubing  about  one  foot  long 


that  fits  hole  in  cork,  red  ink,  clamp  or  test- 
tube  holder,  source  of  heat,  tape  or  label. 

Page  108:  To  show  what  happens  to  liquids 
when  they  expand. 

Materials:  Glass  jar,  coarse  sawdust,  source 
of  heat. 

Information  for  the  teacher 

Pictures.  Page  109.  This  same  principle  is 
applied  to  other  types  of  water  heaters  that  the 
pupils  may  have  in  their  homes.  Sometimes  a 
storage  tank  is  connected  with  a kitchen  stove. 
The  water  is  heated  by  a coil  of  pipes  or  a 
water  front  (similar  to  the  coils  in  the  picture 
on  page  109).  In  many  buildings,  heating  coils 
are  placed  in  the  fire  boxes  of  furnaces.  These 
coils  are  connected  with  a storage  tank.  Both 
of  these  types  of  water  heaters  have  the  disad- 
vantage of  being  able  to  supply  hot  water  only 
when  a fire  is  burning  in  the  stove  or  furnace. 

Text.  Page  107.  The  red  or  blue  liquid  in 
such  thermometers  is  alcohol. 

To  prevent  accidents  the  teacher  should  set 
up  the  equipment  for  the  experiment.  To  put 
the  glass  tubing  into  the  stopper,  wet  both  the 
tube  and  the  stopper.  Twist  the  tube  gently 
into  the  hole  in  the  stopper.  It  is  a good  plan 
to  hold  the  tubing  with  a cloth  or  towel  to 
prevent  cutting  the  hands  if  the  tubing  should 
break. 

Page  108.  The  liquid  rises  in  the  thermometer 
because  the  warmth  of  your  finger  on  the  bulb 
makes  the  liquid  in  it  expand. 

The  teakettle  will  boil  over  because  the  water 
expands  when  it  is  heated. 

When  the  tomato  juice  cooled,  it  contracted 
so  that  the  jars  were  no  longer  full  to  the  top. 

Procedure 

Ask  pupils  to  tell  what  they  think  the  answer 
to  the  new  problem  is.  Then  ask  them  if  they 
are  sure.  If  they  answer  “yes,”  ask  them  how 
they  can  be  sure.  Pupils  are  likely  to  assume 
that  the  answer  to  this  problem  is  the  same  as 
that  for  the  previous  one.  But  when  they  are 
asked  to  be  certain,  they  should  realize  that 
they  cannot  be  sure  by  guessing,  that  they  must 
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produce  evidence.  In  this  case,  the  evidence 
comes  from  reading  and  experimenting. 

Have  the  pupils  perform  the  experiment  pic- 
tured on  page  107.  Then  ask  them  to  tell  what 
the  experiment  shows.  They  should  say  that  it 
shows  that  heating  causes  liquids  to  expand  and 
cooling  causes  them  to  contract.  It  shows  that 
this  is  true  only  for  the  liquid  used,  water.  In 
order  to  be  sure  about  other  liquids,  they  need 
either  to  experiment  further,  or  read  or  both. 

After  pupils  have  read  to  the  next-to-the-last 
paragraph  on  page  108,  they  are  ready  to  learn 
another  important  thing  about  heating  and 
cooling  liquids.  The  experiment  pictured  on 
page  108  helps  to  explain  this  idea.  After  per- 
forming the  experiment,  pupils  should  try  to 
explain  why  the  water  circulates.  Then  they 
should  read  the  text  to  check  their  explanation, 
which  will  probably  be  incomplete. 

After  they  understand  what  the  experiment 
shows,  ask  them  if  they  know  of  any  place  at 
home  where  this  same  principle  operates.  If 
they  have  a hot-water  heater  at  home,  ask  them 
to  find  out  how  it  works.  Use  the  diagram  on 
page  109  to  help  them  understand.  Ask  various 
pupils  to  give  a complete  explanation  of  the 
diagram. 

Questions  (Page  109) 

1.  It  expands  when  heated  and  contracts 
when  cooled. 

2.  The  cold  water  on  the  side  not  being 
heated  is  heavier  than  the  warmer  water.  It 
sinks  to  the  bottom  and  pushes  the  warmer 
water  up,  thus  causing  a current. 

3.  The  water  will  run  out  of  the  radiator, 
because  there  is  no  room  for  it  to  expand. 

4.  No.  When  it  is  heated,  the  water  will 
expand  and  run  over. 

How  is  hot  water  used  to  heat  a house? 
(Pages  110-111) 

Concept 

Hot  water  can  be  used  to  heat  houses. 

Information  for  the  teacher 

Picture.  Page  110.  The  expansion  tank  in 


the  attic  is  a safety  device.  If  water  were  heated 
in  a closed  hot-water  system  full  of  water,  ex- 
pansion of  the  water  would  burst  some  part 
of  the  system.  The  expansion  tank  placed  above 
the  highest  radiator  prevents  this  kind  of  acci- 
dent and  yet  allows  the  pipes  to  be  full  of  water. 
The  tank  may  overflow  onto  the  roof  or  into 
a pipe  that  carries  the  water  down  to  a drain  in 
the  basement.  The  currents  of  hot  water  in  the 
heating  system  are  convection  currents. 

Procedure 

The  diagram  on  page  110  shows  how  hot 
water  may  be  used  to  heat  a home.  Let  the 
pupils  study  the  picture  carefully,  read  the  text, 
and  then  use  the  four  questions  on  page  111 
as  a guide  for  discussion.  If  it  is  possible  to  ex- 
amine a hot-water  heating  system,  that  expe- 
rience will  be  very  helpful  in  understanding 
the  idea  and  in  making  it  real. 

Questions  (Page  111) 

1.  Cold  water  is  heavier  than  the  same 
amount  of  warm  water.  The  cold  water  sinks 
down  through  the  pipes  to  the  furnace  and 
pushes  the  warm  water  up  to  the  radiators. 

2.  Part  of  the  hot  water  from  the  furnace 
turns  off  and  goes  to  the  radiators  on  the  first 
floor,  returning  from  there  to  the  furnace.  The 
rest  of  the  hot  water  continues  on  up  to  the 
next  floor  into  the  radiators  there. 

3.  The  tank  allows  for  the  expansion  of  the 
water  when  it  is  heated.  (Pupils  should  recall 
the  experiment  on  page  107.) 

4.  The  hot-water  pipes  are  connected  to  the 
top.  The  cold-water  pipes  are  connected  to  the 
bottom.  Cold  water  sinks  and  pushes  the 
lighter,  warmer  water  up  into  the  radiators. 

How  do  heating  and  cooling  change 
gases?  (Pages  111-115) 

Concepts 

1.  When  gases  are  heated,  they  expand. 

2.  When  gases  are  cooled,  they  contract. 

3.  When  gases  expand,  they  become  lighter. 

4.  Warm  air  is  pushed  upward  by  colder, 
heavier  air,  which  sinks. 
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Experiment 

Pages  111-112:  To  show  that  air  expands 
when  it  is  heated  and  contracts  when  cooled. 

Materials:  Toy  rubber  balloon,  bottle  with  a 
small  mouth,  pan,  water,  source  o£  heat,  ice 
or  other  means  of  cooling. 

Page  112:  To  show  that  air  expands  when 
heated  and  contracts  when  cooled. 

Materials  : Small-mouthed  bottle,  ice  or 
other  means  of  cooling,  glass,  water,  source 
of  heat. 

Page  113:  To  show  that  air  has  weight. 

Materials:  Basketball  or  volleyball,  pair  of 
scales,  bicycle  pump. 

Pages  113-114:  To  show  how  air  currents  are 
caused. 

Materials:  Wooden  box,  piece  of  glass  that 
will  cover  open  side  of  box,  two  lamp  chimneys, 
small  candle,  matches,  splinters  of  wood  or 
rolls  of  paper,  small  piece  of  cardboard. 

Procedure 

The  same  procedure  described  for  the  two 
similar  problems  dealing  with  solids  and  liq- 
uids may  be  used  here;  that  is,  experimenting 
first,  drawing  such  conclusions  as  are  possible 
from  the  experiments,  and  then,  after  each  ex- 
periment, reading  the  text  for  additional  infor- 
mation and  to  check  the  conclusions. 

If  a pair  of  scales  such  as  those  shown  in  the 
picture  on  page  113  is  not  available,  make  a 
simple  balance  with  a slender  stick  and  support 
it  with  a string  tied  to  the  middle.  In  the  experi- 
ment pictured  on  page  114,  be  sure  that  care 
is  exercised  with  the  candle  and  burning 
splinter  to  prevent  fire  or  burns. 

Questions  (Page  115) 

1.  The  air  in  the  tire  will  expand  on  a hot 
day  and  cause  so  much  pressure  that  if  the 
tire  is  old  and  not  very  strong,  it  will  blow  out. 

2.  ( a ) expand;  ( b ) contract;  (c)  heavier. 

3.  Softer.  The  air  inside  will  contract  as  it 
cools. 

4.  Expand  when  heated,  contract  when 
cooled. 


How  does  a hot-air  furnace  heat  a 
house?  (Pages  116-117) 

Concept 

Hot  air  can  be  used  to  heat  a house. 
Experiments 

Page  117:  To  find  out  whether  air  is 
warmer  near  the  ceiling  in  a room. 

Materials:  Two  thermometers. 

Page  117:  To  show  how  air  currents  move  in 
a room. 

Materials  : Window  pole,  strips  of  paper. 

Information  for  the  teacher 

Picture.  Page  116.  In  the  hot-air  heating 
system,  currents  of  air  are  created  in  the  same 
way  that  they  are  in  the  hot-water  system. 
These  currents  of  air  are  also  convection  cur- 
rents. 

Procedure 

In  this  problem,  the  pupils  are  ready  to  apply 
the  ideas  that  they  have  learned  about  heating 
and  cooling  gases.  The  three  numbered  items 
on  page  113  should  be  recalled  and  written  on 
the  board.  The  pupils  should  study  the  diagram 
of  the  house  on  page  116  and  the  room  on  page 
117,  perform  the  experiment  suggested  on  page 
117,  and  then  try  to  explain  how  the  hot-air 
furnace  heats  the  house.  Encourage  pupils  to 
observe  their  home  heating  system  to  see 
whether  it  is  like  this.  See  also  Things  to  Do, 
page  123,  Nos.  7 and  8. 

Questions  (Page  117) 

1.  Air  heated  in  the  furnace  expands  and  be- 
comes lighter.  Heavier,  colder  air  sinks  and 
pushes  the  warmer  air  up  into  the  rooms. 

2.  The  colder,  heavier  air  in  the  rooms  sinks 
down  through  the  cold-air  registers  to  a pipe 
that  leads  to  the  bottom  of  the  furnace.  The 
warm  air,  which  has  been  heated  by  the  fur- 
nace, is  pushed  up  through  the  warm-air  pipe, 
out  through  the  hot-air  registers  into  the  rooms 
and  up  to  the  ceilings.  As  the  air  cools  and  be- 
comes heavier,  it  sinks  down  again  into  the 
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cold-air  register  and  pipe  and  back  to  the  fur- 
nace to  be  heated. 

3.  Open  the  windows  both  top  and  bottom 
so  that  a current  of  moving  air  is  started.  The 
cool  air  comes  in  the  bottom,  pushing  the 
warm  air  out  at  the  top. 

How  are  solids  changed  to  liquids? 
(Pages  118-119) 

Concepts 

1.  Different  solids  melt  at  different  tempera- 
tures. 

2.  The  temperature  at  which  a solid  melts 
is  called  its  melting  point. 

3.  The  ability  to  melt  metals  enables  us  to 
mold  them  into  shapes  and  to  mix  metals  to- 
gether to  make  more  useful  materials  from 
them. 

Experiments 

Page  118:  To  observe  that  different  solids 
have  different  melting  points. 

Materials:  Iron  pan,  butter,  paraffin,  lead, 
aluminum,  source  of  heat. 

Page  118:  To  find  the  melting  point  of  ice. 

Materials:  Ice,  pan,  thermometer. 

Information  for  the  teacher 

Pictures.  Page  118.  The  ice  will  melt  first, 
next  paraffin,  then  lead. 

Page  119.  This  picture  may  be  used  also  to 
review  the  pupils’  knowledge  of  simple  ma- 
chines by  asking  what  kind  of  machine  is  be- 
ing used  to  tip  the  bucket  of  molten  aluminum. 
It  may  recall  also  what  they  learned  about  the 
change  of  color  of  metals  when  heated,  in 
Discovering  Our  World,  Boo\  One , Unit  5. 

Text.  A high-school  physics  or  chemistry 
book  will  give  a table  of  melting  points  if  the 
teacher  wants  one  for  reference. 

The  Fahrenheit  scale  is  one  commonly  used 
on  thermometers  in  this  country.  Scientists  use 
thermometers  with  the  Centigrade  scale. 

Anything  made  by  pouring  it  into  a mold 
and  allowing  it  to  harden  is  called  a cast  or  a 
casting.  Making  something  in  this  way  is  called 


casting.  Many  of  the  metal  parts  of  the  seats 
in  the  schoolroom  are  castings. 

Mixtures  of  metals  are  called  alloys.  The 
children  should  recall  the  alnico  magnet  in 
Discovering  Our  World , Boo\  One , Unit  6. 

Procedure 

Pupils  have  had  experiences  such  as  melting 
butter,  paraffin,  etc.,  that  will  help  them  to 
answer  this  problem.  The  idea  that  a solid  has 
a melting  point  is,  however,  new  to  them.  Have 
the  pupils  do  the  experiments  on  page  118  and 
draw  their  own  conclusion.  After  the  pupils 
have  read  the  problem,  suggest  that  they  try  to 
find  pictures  and  examples  of  how  we  mold 
materials  into  things  that  we  need  and  use. 

Questions  (Page  119) 

1.  The  temperature  at  which  a solid  be- 
comes a liquid. 

2.  So  that  they  may  be  easily  molded  into 
useful  shapes  or  mixed  to  form  more  useful 
materials. 

3.  The  melting  point  of  lead  is  too  low. 
Lead  pans  would  melt  when  food  is  cooked. 

4.  To  make  them  more  useful  (harder,  rust- 
resistant,  etc.). 

How  are  liquids  changed  to  gases? 
(Pages  120-121) 

Concepts 

1.  When  a liquid  boils,  it  changes  to  a gas. 

2.  Different  liquids  boil  at  different  tem- 
peratures. 

3.  The  temperature  at  which  a liquid  boils 
is  called  its  boiling  point. 

4.  A liquid  does  not  get  any  hotter  than  its 
boiling  point. 

Experiments 

Pages  120-121:  To  show  that  heat  makes  a 
liquid  evaporate  faster. 

Materials:  Two  pans  just  alike,  water, 
source  of  heat. 

Page  121 : To  show  that  some  liquids  evapo- 
rate faster  than  others. 
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Materials:  Two  saucers  exactly  alike,  water, 
alcohol. 

Information  for  the  teacher 

A high-school  physics  or  chemistry  book  will 
give  a table  of  boiling  points  if  the  teacher 
wants  one  for  reference. 

Procedure 

Have  the  pupils  recall  experiences  in  which 
they  saw  liquids  “disappear”  (change  to  a gas) . 
Recall  information  acquired  in  earlier  science 
study,  as  in  Discovering  Our  World , Boo\  One , 
Unit  2.  Then  have  the  children  read  and  dis- 
cuss page  120  except  for  the  last  paragraph. 
Use  the  picture  on  page  121  to  illustrate  a prac- 
tical use  of  evaporation. 

Now  have  the  pupils  do  the  experiments  at 
the  end  of  the  problem.  The  first  experiment 
uses  a control  (the  unheated  pan  of  water). 
The  children  should  understand  why  the  con- 
trol is  used.  If  alcohol  and  gasoline  are  used 
in  the  second  experiment,  be  sure  that  no  open 
flame  is  brought  near  them. 

Questions  (Page  121) 

1.  No.  Water  boils  at  a temperature  of 
212°F.,  alcohol  at  172°F. 

2.  Change  from  a liquid  into  a gas. 

3.  No.  By  keeping  the  gas  or  electric  current 
turned  up  just  high  enough  to  make  the  water 
boil. 

4.  The  heat  from  the  sun  makes  the  water 
evaporate  faster. 

How  is  water  vapor  changed  to  liquid 
% water?  (Page  122) 

Concepts 

1.  Gases  change  to  liquids,  or  condense, 
when  they  are  cooled. 

2.  Water  vapor  in  the  air  condenses  if  the 
air  is  cooled  enough. 

Procedure 

This  problem  has  probably  been  solved  earlier 
in  the  science  experience  and  needs  only  to  be 
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reviewed  here.  Pupils  should  recall  experiences 
with  condensation  in  earlier  study,  as  in  Dis- 
covering Our  World , Boo\  One , Unit  2.  Actual 
experience  of  watching  a boiling  teakettle  and 
holding  a cold  plate  above  the  spout  will  help 
to  make  the  concepts  real.  If  the  pupils  examine 
a boiling  teakettle,  caution  them  to  keep  their 
fingers  away  from  the  scalding  steam. 

Questions  (Page  122) 

1.  Change  from  a gas  to  a liquid. 

2.  It  must  be  cooled  enough. 

3.  No.  Steam  is  water  vapor,  an  invisible 
gas. 

Questions  to  answer  (Page  123) 

1.  The  heat  will  cause  the  glass  to  expand. 
The  inside,  which  is  heated  more  quickly,  will 
expand  first,  causing  the  outside  to  crack  and 
pull  away.  Avoid  pouring  very  hot  water  on 
glassware. 

2.  The  carbon-dioxide  gas  expands  as  it  is 
heated  and  pushes  the  dough  out. 

3.  Warm  air  from  a radiator  or  register  is 
pushed  up  to  the  ceiling,  carrying  with  it  dirt 
from  the  floor  and  other  parts  of  the  room. 

4.  Steam  is  a very  hot  gas.  Smoke  is  mostly 
a mixture  of  hot  air  and  other  gases.  These  hot 
gases  are  usually  lighter  than  the  air  around 
them.  So  they  are  pushed  up  by  heavier,  cooler 
air,  which  sinks. 

5.  The  air  in  the  house  contains  water  vapor. 
When  this  air  strikes  the  cold  windowpane, 
the  air  is  cooled  and  the  water  vapor  con- 
denses on  the  window.  The  water  comes  from 
the  water  vapor,  which  condenses. 

6.  The  metal  rims  expand  when  heated. 
When  they  cool,  they  contract  and  fit  the 
wheels  tightly. 

7.  Heat  the  neck  of  the  bottle  to  expand  it 
but  be  careful  not  to  heat  the  stopper,  too. 

8.  The  warmest  water  will  be  on  top,  and 
the  coldest  water  on  the  bottom.  The  cold 
water  is  heavier.  It  sinks  and  pushes  warm 
water  up.  Also,  the  sun  heats  the  water  on  top 
and  that  water  stays  on  top,  because  it  is  lighter 
than  the  colder  water  below. 


9.  Your  breath  contains  water  vapor.  When 
you  breathe  out  on  a cold  day,  the  water  vapor 
condenses  when  it  hits  the  cold  air.  Then  you 
can  “see  your  breath.”  On  a warm  day  the 
water  vapor  does  not  condense. 

Things  to  do  (Page  123) 

1.  Dry  ice  is  carbon  dioxide  in  solid  form. 
Its  temperature  is  about  110°  F.  below  zero. 

2.  At  red  heat,  rivets  are  soft  and  expanded. 
When  put  into  the  holes  in  the  beams  and 
hammered,  they  are  spread  out  to  form  a head 
at  each  end.  When  they  cool,  they  contract  and 
hold  the  beams  tightly  together. 

3.  Such  items  as  kitchen  utensils,  glass,  lead 
wire,  or  “sinkers,”  objects  that  are  soldered, 
coins,  jewelry,  candles. 

4.  Water  expands  when  it  freezes.  Fill  a 
bottle  with  water.  Put  a cork  in  the  bottle 


and  wire  the  cork  on.  Put  the  bottle  in  the 
freezing  compartment  of  a refrigerator  or  set 
it  outdoors  on  a night  when  the  temperature  is 
freezing.  Look  at  the  bottle  the  next  day.  The 
bottle  will  be  cracked  by  the  force  of  the  water 
expanding  as  it  froze. 

5.  Most  liquids  contract  when  they  “freeze,” 
but  water  expands  when  it  freezes.  (Melted 
copper  and  type  metal  are  liquids  which  also 
expand  when  they  cool  and  harden.) 

6.  Antifreeze  can  be  obtained  at  service  sta- 
tions, garages,  and  hardware  stores. 

7.  Arrows  should  show  current  rising  at 
stove,  falling  at  points  farthest  from  it,  and 
pushing  toward  it  near  the  floor. 

8.  Because  warm  air  around  register,  stove, 
or  radiator  is  lighter  and  so  is  pushed  upward 
by  heavier,  cooler  air. 

9.  See  a dictionary  or  encyclopedia. 


UNIT 


What  Are  Things  Made  Of? 


Purpose  and  scope 
The  concepts  in  this  unit  will  be  entirely 
new  to  most  of  the  pupils.  However;,  experience 
indicates  that  the  children  are  greatly  inter- 
ested in  learning  about  materials.  As  the  con- 
cepts are  here  developed,  they  are  very  easily 
understood.  Many  of  the  concepts  are  essen- 
tial in  later  science  work;  for  example,  an  un- 
derstanding of  chemical  change  is  required  as 
background  for  later  units  of  this  book  and  also 
for  Units  3,  4,  and  5 of  Discovering  Our 
World,  Boo\  Three . All  of  the  ideas  are  val- 
uable in  interpreting  things  that  happen  in  the 
pupils’  environments. 

Science  bac\ground 
Discovering  Our  World , Boo\  One:  Unit 
2,  Why  Do  All  Living  Things  Need  Air  and 
Water?  Unit  3,  How  Does  Your  Body  Work? 
Unit  7,  How  Can  You  Keep  Well? 


Discovering  Our  World,  Boo\  Two:  Unit  1, 
How  Do  Living  Things  Help  and  Harm  Each 
Other?  Unit  2,  What  Makes  Things  Move? 

General  concepts 

1.  Every  material  has  characteristics  by 
which  we  tell  what  kind  of  material  it  is. 

2.  The  use  made  of  a material  depends  on 
its  characteristics. 

3.  Physical  change  is  a change  of  character- 
istics without  making  a new  material. 

4.  Chemical  change  is  a change  of  character- 
istics in  which  a new  material  is  produced. 

5.  Everything  is  made  of  elements. 

6.  Elements  join  together,  or  combine,  in 
chemical  change  to  make  compounds. 

7.  We  use  chemical  changes  to  produce  new 
materials  and  to  produce  heat. 

8.  Harmful  chemical  changes  can  be  pre- 
vented. 
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Introducing  the  unit  (Pages  125-126) 

Ask  each  pupil  to  take  one  thing  from  his 
pocket  or  desk  and  place  it  before  the  class. 
Then  the  pupils  should  be  asked  what  they 
think  these  things  are  made  of.  After  discus- 
sion, the  pupils  may  read  the  introduction. 
Then  ask  why  they  do  not  believe  as  people 
did  2000  years  ago. 

How  are  materials  different  from  each 
other?  (Pages  126-129) 

Concepts 

1.  Every  kind  of  material  has  characteris- 
tics by  which  we  tell  what  kind  of  material 
it  is. 

2.  The  use  made  of  a material  depends  on 
its  characteristics. 

3.  Acid  turns  blue  litmus  paper  red;  this  is 
a test  for  acid. 

Observations  and  experiments 

Page  126:  To  observe  the  characteristics  of 
materials. 

Materials:  Materials  of  different  kinds  col- 
lected by  pupils. 

Page  128:  To  show  that  litmus  paper  is  an 
acid  indicator. 

Materials:  Litmus  paper,  vinegar,  lemon, 
baking  soda. 

Information  for  the  teacher 

Pictures.  Page  127.  The  materials  in  the  pic- 
ture are  potato,  sugar,  onion,  wax  (candle), 
copper  (candle  holder),  rubber  bands,  pencil, 
nails,  soap,  glass,  and  water.  The  pupils  may 
list  such  characteristics  as:  potato — a solid  with 
a smooth  covering,  white  inside;  sugar — hard, 
rough  material,  white  in  color,  sweet  in  taste, 
will  dissolve  in  water,  etc. 

Page  128.  The  acid  in  the  vinegar  made  the 
blue  litmus  paper  turn  red. 

Page  129.  Test  these  materials  with  litmus 
paper.  Place  the  litmus  paper  against  the  cut 
surface  of  the  fruits  to  moisten  the  paper.  The 
vinegar,  lemon,  root  beer,  and  tomato  should 


show  acid.  Litmus  paper  may  be  bought  at  a 
drug  store.  It  may  be  either  red  or  blue.  Acids 
make  blue  litmus  turn  red.  Alkalis  turn  red 
paper  blue.  The  baking  soda  in  water  would 
turn  red  paper  blue.  It  does  not  have  acid  in  it. 
It  is  alkaline.  The  paper  may  be  used  over  and 
over  when  it  is  dried. 

Procedure 

As  an  introduction  to  the  problem,  ask  the 
pupils  how  the  materials  collected  by  the  class 
are  different  from  each  other.  After  the  discus- 
sion, pupils  should  read  the  problem  over  to 
the  end  of  the  first  paragraph  on  page  128. 
Then  let  pupils  tell  the  characteristics  of  the 
different  materials  they  have  been  looking  at. 
Also  have  them  select  various  things  in  the 
room  and  tell  what  characteristics  these  things 
have  that  make  them  useful  for  the  purpose 
which  they  serve. 

If  litmus  paper  is  available,  the  experiment 
described  in  the  picture  and  text  on  page  128 
should  be  performed.  Pupils  may  wish  to  bring 
some  of  the  things  pictured  on  page  129  and 
test  them  with  litmus  paper.  After  this,  have 
them  read  the  rest  of  the  problem  for  addi- 
tional information.  The  safety  rules  on  page 
129  should  then  be  discussed. 

Questions  (Page  129) 

1.  Strong,  does  not  melt  or  burn  easily,  can 
be  molded  into  shapes. 

2.  Cut  the  oranges  and  apples  and  apply 
blue  litmus  paper  against  the  cut  surface.  If 
the  litmus  paper  turns  red,  there  is  acid  in 
them. 

3.  Stiff;  easy  to  cut,  carve,  put  together; 
lasts  a long  time;  attractive. 

4.  Cellophane  is  stronger,  more  waterproof, 
and  more  transparent  than  tissue  paper. 

How  can  we  change  the  characteristics 
of  materials?  (Pages  130-133) 

Concepts 

1.  Physical  change  is  a change  of  character- 
istics without  making  a new  material. 
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a)  Changing  a material  from  solid  to 

liquid  or  liquid  to  gas  does  not  change  it 

chemically;  it  is  still  the  same  material. 

b ) Dissolving  a material  does  not  change 

it  chemically;  it  is  still  the  same  material. 

2.  Chemical  change  is  a change  of  character- 
istics in  which  an  entirely  new  material  is  pro- 
duced. 

Experiments  and  observations 

Pages  130-131:  To  show  chemical  change  by 
burning  sugar. 

Materials:  Test  tube,  or  metal  lid  from  a 
jar  or  can,  sugar,  test-tube  holder,  source  of 
heat. 

Page  132:  To  show  chemical  change  by 
burning  wood. 

Materials:  Splinter  of  wood,  metal  pan, 
matches. 

Pages  132-133:  To  show  chemical  change  in 
starch. 

Materials:  Piece  of  bread  or  cracker. 

Information  for  the  teacher 

Pictures.  Page  132.  The  chemical  change  in- 
volved in  burning  the  leaves  and  the  one  in- 
volved in  the  changing  of  the  green  leaves  to 
the  autumn  colored  ones  are  shown. 

When  wood  and  other  materials  burn,  a 
chemical  change  takes  place.  Oxygen  from  the 
air  combines  with  carbon  and  hydrogen  in 
the  burning  material  and  makes  compounds. 
The  carbon  in  the  wood  combines  with  the 
oxygen  and  escapes  as  carbon  dioxide.  Oxygen 
and  hydrogen  also  combine  to  form  water, 
which  escapes  as  water  vapor.  Mineral  mate- 
rials are  left  in  the  form  of  ash.  The  chemistry 
of  burning  is  treated  in  more  detail  in  the 
next  unit  of  this  book. 

Procedure 

Ask  pupils  to  indicate  how  they  have  ever 
changed  the  characteristics  of  a material.  Then 
ask  them  to  observe  carefully  while  they  see 
two  changes  made — a match  is  broken  into 
two  pieces,  another  is  burned.  How  are  these 
changes  alike?  How  are  they  different?  This 


will  lead  to  a discussion  of  the  two  kinds  of 
changes.  Let  pupils  read  down  to -the  experi- 
ment with  sugar  on  page  130.  Be  sure  that  they 
understand  the  meaning  of  physical  change 
before  they  go  on  to  a study  of  chemical 
change. 

Now  have  them  perform  the  experiment 
with  sugar  and  try  to  decide  what  has  hap- 
pened. Then  let  them  read  the  text  as  far  as 
the  last  paragraph  on  page  131.  After  a dis- 
cussion of  the  meaning  of  chemical  change,  ask 
the  pupils  to  contrast  the  picture  on  page  130 
with  the  one  on  page  131  to  review  the  differ- 
ence between  chemical  change  and  physical 
change.  Then  pupils  should  list  chemical 
changes  that  they  see  taking  place  around  them 
every  day.  Then  the  remainder  of  the  text 
should  be  read  to  find  additional  examples. 
In  the  experiment  with  bread  or  a cracker 
on  page  132,  have  the  pupils  recall  that  saliva 
helps  digest  food.  ( Discovering  Our  World , 
Boo\  One , Unit  3.) 

Questions  (Page  133) 

1.  A chemical  change  changes  the  mate- 
rial to  a new  one;  it  makes  a new  material 
with  different  characteristics.  A physical 
change  takes  place  when  a material  changes  in 
form  or  shape  but  does  not  change  into  a new 
material.  Chemical  change : heating  sugar. 
Physical  change:  dissolving  sugar. 

2.  No.  The  potatoes  change  in  appearance 
but  not  in  characteristics.  They  are  the  same 
material  as  before. 

3.  In  burning  a piece  of  wood,  you  are 
changing  the  wood  into  a different  material. 
In  melting  iron,  you  are  only  changing  the 
form  of  the  material. 

4.  Change  them  into  different  materials 
with  different  characteristics. 

5.  Wood:  stiff,  light  color,  definite  size. 
Wood  ashes:  soft,  crumbly,  of  a gray  or  black 
color,  smaller  than  the  original  piece  of  wood. 
(The  ashes  are  only  part  of  the  material  in  the 
wood.) 

6.  Same:  size  and  shape.  Different:  color; 
materials  inside  the  leaf. 
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7.  Help  keep  us  alive;  they  take  place  in 
our  bodies  constantly;  change  food  into  blood, 
bones,  etc. 

What  are  elements?  (Pages  133-135) 

Concepts 

Everything  in  the  world  is  made  of  elements. 

a)  An  element  is  the  simplest  kind  of  ma- 
terial; it  is  made  only  of  itself,  not  two  things 
put  together. 

b)  There  are  ninety-eight  known  elements. 

c ) Some  elements  are  solids;  some  are  liq- 
uids; some  are  gases. 

Observation 

Page  134:  To  observe  different  elements. 
Materials:  Objects  of  iron,  gold,  copper, 
lead,  silver,  sulphur,  and  other  elements. 


Information  for  the  teacher 

A complete  list  of  elements  may  be  found  in 
any  high-school  chemistry  book.  Consult  the 
latest  editions  for  the  new  elements  that  have 
been  discovered  in  the  last  few  years,  raising 
the  number  of  known  elements  from  ninety- 
two  to  ninety-eight.  The  new  ones  are  neptu- 
nium, plutonium,  americium,  curium,  berke- 
lium,  and  californium. 

Text.  Page  135.  The  elements  in  the  mate- 
rials mentioned  in  the  last  paragraph  are: 


Material 

Water 

Carbon  dioxide 

Salt 

Sugar 

Washing  soda 
Alcohol 
Baking  soda 


Elements 
Hydrogen,  oxygen 
Carbon,  oxygen 
Sodium,  chlorine 
Carbon,  hydrogen,  oxygen 
Sodium,  carbon,  oxygen 
Hydrogen,  oxygen,  carbon 
Sodium,  hydrogen,  carbon, 
oxygen 


check  the  list  later.  Then  have  the  pupils  read 
and  discuss  page  134.  They  may  wish  to  make 
an  exhibit  of  elements  as  indicated  in  the  text. 
A large  number  of  elements  can  be  collected 
at  home,  at  school,  or  at  the  drug  store. 

The  first  paragraph  on  page  135  gives  a 
definition  of  an  element.  Be  sure  that  pupils 
understand  clearly  the  meaning  of  this  term. 
The  last  paragraph  presents  the  idea  of  how 
elements  are  used.  After  the  pupils  have  read 
this  page,  ask  them  to  tell  what  they  think 
happened  when  the  sugar  was  heated  in  the 
experiment  on  page  130.  See  also  Things  to 
Do,  page  147,  Nos.  1 and  2. 

Questions  (Page  135) 

1.  An  element  is  made  only  of  itself,  has  no 
other  material  in  it,  and  is  the  simplest  kind  of 
material. 

2.  They  are  colorless  gases. 

3.  Ninety-eight. 

4.  A material  is  not  an  element  when  it  can 
be  divided  or  broken  down  into  two  or  more 
materials.  Examples : water,  sugar,  salt,  alcohol, 
air,  etc. 

5.  Answers  may  include  aluminum,  iron, 
copper,  lead,  gold,  silver,  zinc,  nickel,  sulphur, 
carbon,  tungsten,  etc. 

How  are  elements  joined  together? 
(Pages  135-139) 

Concepts 

1.  Elements  join  together,  or  combine,  in 
chemical  change  to  make  compounds. 

2.  When  a compound  is  made,  the  elements 
do  not  merely  mix  but  combine  and  make  an 
entirely  new  material. 

3.  There  are  a large  number  of  compounds 
in  the  world. 


Procedure 

The  pupils  are  ready  to  consider  the  problem 
of  what  elements  are.  As  an  introduction,  let 
the  pupils  read  the  two  paragraphs  on  page  133 
and  then  ask  them  whether  they  can  name  any 
elements.  Write  the  names  on  the  board  and 


Experiment 

Pages  136-137:  To  show  the  difference  be- 
tween a mixture  and  a compound. 

Materials  : Powdered  sulphur,  powdered 
iron,  beaker  or  dish,  magnet,  test  tube,  water, 
source  of  heat. 
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Procedure 

Ask  the  pupils  to  read  page  135  to  find  out 
what  happened  when  sugar  was  heated.  Then 
write  the  definition  of  a compound  on  the 
board  and  refer  to  it  later  in  the  problem.  Then 
have  the  pupils  read  and  discuss  page  136  ex- 
cept the  last  paragraph.  Stress  the  meaning  of 
the  word  combined  and  also  the  fact  that  after 
elements  are  combined,  the  new  material  has 
new  and  different  characteristics. 

The  next  four  paragraphs  describe  the  experi- 
ment pictured  on  pages  136-137.  In  the  ex- 
periment, exact  amounts  of  the  element  iron 
and  sulphur  must  be  used,  and  they  must  be 
heated  very  hot  before  they  will  unite.  They 
must  become  so  hot  that  they  glow.  The  teacher 
is  cautioned  to  use  fine  iron  filings  or  pow- 
dered iron  but  not  reduced  powdered  iron. 
It  is  dangerous  to  heat  reduced  powdered 
iron.  The  material  formed  in  the  experiment 
is  called  iron  sulphide,  a compound  of  iron 
and  sulphur.  Break  the  test  tube  by  putting 
it  into  cold  water. 

Have  the  pupils  perform  the  experiment  and 
draw  their  own  conclusions.  Again  stress  the 
fact  that  the  elements  must  be  combined  to 
form  a compound  and  that  the  compound 
formed  possesses  new  characteristics.  Now  have 
the  pupils  read  and  discuss  the  remainder  of 
the  problem.  The  pictures  at  the  bottom  of 
page  139  will  be  helpful  in  summarizing  the 
idea  of  chemical  change.  They  introduce  the 
idea  of  explaining  chemical  change  through 
the  use  of  a formula.  Let  the  pupils  make  up 
other  pictures  like  this  from  their  reading.  See 
also  Things  to  Do,  page  147,  Nos.  6,  7,  and  8. 

Questions  (Page  139) 

1.  {d). 

2.  A compound  is  a material  made  of  two 
or  more  elements  that  have  combined. 

3.  Pupils  may  list  burning,  heating  of  sugar, 
rusting,  tarnishing,  etc.  . . an  entirely  differ- 
ent material  is  formed  in  each  change.” 

4.  When  two  materials  are  mixed  together, 
each  material  keeps  its  own  characteristics. 


When  two  materials  combine,  they  form  a new 
material,  lose  their  old  characteristics,  and  take 
on  new  ones.  Experiment  such  as  the  one  with 
sulphur  and  iron,  pages  136-137. 

5.  Yes.  Test  sweet  milk  and  sour  milk  with 
blue  litmus  paper.  Only  sour  milk,  which  is 
acid,  turns  the  litmus  paper  red. 

How  do  we  use  chemical  changes? 
(Pages  140-142) 

Concept 

We  use  chemical  changes  to  produce  new 
materials  and  to  produce  heat. 

Information  for  the  teacher 

Pictures.  Page  140.  The  materials  for  mak- 
ing glass  are  carefully  weighed  to  obtain  the 
correct  proportions.  The  element  silicon  in  sand 
is  the  chief  ingredient  in  glass.  The  other  ma- 
terials added  to  the  sand  in  the  making  of  glass 
depend  on  the  kind  of  glass  to  be  made.  Addi- 
tional information  about  glass  may  be  obtained 
from  encylopedias  or  manufacturers. 

Page  141.  The  man  in  the  center  picture  is 
examining  the  pulp  to  see  whether  the  proper 
chemical  changes  are  taking  place  and  whether 
it  is  ready  to  proceed  to  the  next  stage.  More 
information  about  paper  may  be  obtained  from 
encyclopedias  or  manufacturers. 

Page  142.  Left.  The  making  "of  nylon  bristles 
for  paint  brushes  is  a complicated  process,  be- 
cause the  bristle  must  be  tapered  in  order  to 
make  the  brush  bend  properly  and  spread  the 
paint  well.  Right.  The  windows  are  a shatter- 
proof plastic  glazing  made  of  cellulose  acetate. 

An  excellent  pamphlet  on  plastics  and  their 
uses  has  been  prepared  by  the  American  Asso- 
ciation of  School  Administrators  and  may  be 
obtained  from  this  organization  at  1201  16th 
St.,  N.W.,  Washington  6,  D.C. 

Procedure 

Let  pupils  make  a list  of  all  the  ways  they 
can  think  of  in  which  we  use  chemical  changes. 
The  problem  should  then  be  read  and  more 
examples  added  to  the  list.  Encourage  the  pu- 
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pils  to  bring  to  school  pictures  from  news- 
papers and  magazines  that  illustrate  how  chem- 
ical changes  are  useful.  See  also  Things  to  Do , 
page  147,  Nos.  3 and  4. 

Questions  (Page  142) 

1.  Glass,  concrete,  plaster,  steel,  plastics. 

2.  Rayon,  nylon,  other  synthetic  fabrics. 

3.  Steel,  glass,  bricks,  plaster,  rubber,  leather, 
gasoline. 

4.  Because  the  cooked  food  often  has  very 
different  characteristics  from  the  original  ma- 
terials that  were  combined. 

How  can  we  prevent  harmful  chemical 
changes?  (Pages  143-145) 

Concepts 

Harmful  chemical  changes  can  be  prevented 
by 

a)  keeping  apart  the  elements  that  com- 
bine. 

b ) keeping  some  materials  dry. 

c ) keeping  some  materials  cool. 

d ) keeping  some  materials  out  of  the  light. 

Experiments 

Page  143:  To  show  that  moisture  brings 
about  rusting  of  iron. 

Materials:  Iron  nails  or  steel  wool,  two  dry 
dishes,  water. 

Pages  144-145:  To  produce  a chemical  change 
by  adding  water  to  baking  powder. 

Materials:  Baking  powder,  cup,  water. 

Information  for  the  teacher 

Text.  Page  145,  Column  2.  Peaches,  pears, 
apples,  grapes  (raisins),  meat  (dried  beef), 
fish  (dried  cod-fish  flakes),  eggs,  milk,  etc.,  are 
further  examples  of  foods  preserved  by  drying. 

Procedure 

Ask  the  pupils  to  suggest  ways  in  which  we 
can  prevent  harmful  chemical  changes.  Write 
these  ways  on  the  board.  Then  have  the  pupils 
use  the  pictures  and  read  the  text  to  find  addi- 
tional ways. 


Questions  (Page  145) 

1.  By  covering  the  materials  in  such  a way 
that  oxygen  cannot  reach  them. 

2.  By  keeping  it  cold  and  by  drying  it. 

3.  Rusting,  because  it  makes  the  iron  and 
steel  unusable.  Spoiling  of  food,  because  it  may 
cause  illness  and  also  makes  the  food  unusable. 

Questions  to  answer  (Page  146) 

1.  School : Window  glass,  steel  in  seats. 
Mother : Salt. 

2.  They  change  our  food  so  that  our  bodies 
can  use  it;  make  possible  many  materials  that 
are  useful;  cause  burning,  which  keeps  us 
warm  and  cooks  our  food,  etc. 

3.  Chemical,  because  a gas  is  formed  from 
the  baking  powder;  physical,  because  the  ex- 
panding gas  raises  the  cake. 

4.  No,  not  correctly. 

5.  No.  There  are  many  compounds  that  heat 
does  not  affect  chemically — Examples:  water, 
carbon  dioxide,  iron  oxide  (rust). 

6.  Yes.  The  ninety-eight  elements  combine 
in  countless  ways  to  form  different  compounds. 

7.  A chemical  change  takes  place  in  the  dye. 
A physical  change  may  take  place,  too.  The 
dye  may  be  dissolved  in  the  water  and  run  out 
of  the  cloth. 

8.  Children  may  tell  of  putting  out  fires, 
shutting  out  moisture,  keeping  food  in  the  ice- 
box, etc. 

9.  The  cattle  eat  the  food.  The  chemical 
change  in  digestion  changes  the  food  into  ma- 
terial that  the  cattle’s  bodies  can  use.  Other 
chemical  changes  change  the  food  into  meat 
that  we  later  use  for  food. 

10.  Moisture  may  cause  a chemical  change 
before  it  is  wanted. 

11.  No.  Some  of  the  characteristics  of  the 
sugar  remain.  Only  the  form  has  changed. 

Things  to  do  (Page  147) 

1.  An  encyclopedia  or  chemistry  book  will 
give  information. 

2.  Use  general  references,  encyclopedia,  etc. 

3.  Lists  will  vary. 
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4.  Use  encyclopedia. 

5.  Might  include:  Follow  directions  exactly; 
work  carefully;  keep  materials  and  papers 
away  from  flame;  handle  glassware  and  flames 
with  care.,  etc. 


6.  Use  Bibliography,  encyclopedia,  etc. 

7.  Just  mixed.  Keep  their  own  character- 
istics. 

8.  A mixture.  A sediment  on  the  bottom 
of  the  glass  and  other  materials  in  the  water. 


UNIT 


How  Do  We  Control  Fire? 


Purpose  and  scope 

The  concept  of  chemical  change  developed 
in  the  preceding  unit  is  here  applied  to  the 
principles  of  combustion.  After  studying  this 
unit,  pupils  should  understand  why  fire  is  both 
useful  and  dangerous.  They  should  also  be 
aware  of  the  need  for  fuel  conservation. 

In  many  respects,  this  is  one  of  the  most 
important  units  of  Book  Two  because  of  its 
emphasis  on  safety  with  fire.  Every  effort 
should  be  made  to  make  the  safety  rules  func- 
tional. The  teacher  should  refer  to  these  rules 
frequently  and  encourage  their  use  long  after 
the  actual  study  of  the  unit  is  over  so  as  to 
make  the  rules  part  of  the  pupils’  way  of 
reacting  to  their  environment. 

Science  background 

Discovering  Our  World , Boo\  One : Unit  2, 
Why  Do  All  Living  Things  Need  Air  and 
Water?  Unit  3,  How  Does  Your  Body  Work? 

Discovering  Our  World,  Boo\  Two:  Unit  2, 
What  Makes  Things  Move?  Unit  3,  How  Is 
Our  Work  Made  Easier?  Unit  4,  How  Do 
Heating  and  Cooling  Change  Materials?  Unit 
5,  What  Are  Things  Made  Of? 

General  concepts 

1.  To  make  a fire  and  keep  it  burning,  there 
must  be  three  things:  (a)  a combustible  mate- 
rial, ( b ) enough  heat  to  raise  the  material  to  its 
kindling  temperature,  and  (c)  a current  of 
fresh  air. 


2.  Heat  to  start  a fire  can  be  produced  by 
friction. 

3.  When  any  material  burns,  it  gives  off  heat 
and  light  and  becomes  smaller. 

4.  When  any  material  burns,  a chemical 
change  takes  place. 

5.  We  must  conserve  our  coal,  oil,  and  gas 
because  the  supply  will  not  last  forever,  and 
these  fuels  cannot  be  replaced. 

6.  Accidental  fires  can  be  avoided  by  pre- 
venting the  three  things  needed  for  burning 
from  coming  together. 

7.  Fires  can  be  put  out  by  removing  one  or 
more  of  the  three  things  needed  for  burning. 

Introducing  the  unit  (Pages  149-150) 

Information  for  the  teacher 

Picture.  Page  150.  The  handle  for  the 
damper  is  in  the  smoke  pipe  back  of  the 
furnace  and  does  not  show  in  the  picture. 

Procedure 

Have  the  pupils  discuss  the  meaning  of  the 
word  control  before  beginning  the  unit.  Some 
of  the  pupils  may  wish  to  tell  the  class  how  they 
have  seen  fires  controlled.  Then  let  the  pupils 
read  and  discuss  pages  149-150  to  find  different 
ways  that  are  used  to  control  fires.  Have  them 
compare  an  outdoor  fire  with  a fire  in  a fur- 
nace. If  possible,  the  school  engineer  should  be 
asked  to  show  pupils  how  he  builds  and  con- 
trols the  fire  in  the  school  furnace.  Pupils 
should  be  asked  to  examine  their  home  fur- 
naces for  the  same  purpose. 
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What  do  we  need  to  make  a fire? 
(Pages  151-153) 

Concepts 

1.  To  make  a fire,  there  must  be  three 
things : (a)  a combustible  material,  ( b ) enough 
heat  to  raise  the  material  to  its  kindling  tem- 
perature, and  ( c ) air  near  the  material. 

a ) Materials  that  burn  easily  have  a low 
kindling  temperature;  those  that  do  not  burn 
easily  have  a high  kindling  temperature. 

b ) In  building  a fire,  materials  with  a low 
kindling  temperature  are  laid  first  so  that  the 
fire  may  easily  be  started,  and  the  materials 
are  arranged  to  allow  air  to  get  to  them. 

2.  Heat  to  start  a fire  can  be  produced  by 
friction. 

3.  Matches  help  us  light  fires  easily,  but 
they  must  be  used  with  care. 

Procedure 

If  a safe  place  is  available  on  the  school 
grounds,  have  the  pupils  collect  materials  and 
actually  build  a fire.  Careful  supervision  is,  of 
course,  required.  Have  all  the  rules  given  in 
the  introduction  followed.  As  the  fire  is  built 
and  the  pupils  watch  it  burn,  they  can  observe 
and  discuss  the  steps  in  building,  when  each 
is  necessary,  and  what  materials  are  required. 
Then  have  the  pupils  read  pages  151-153  and 
compare  their  findings  with  the  information  in 
the  text.  Use  the  picture  on  page  151  to  illus- 
trate the  steps  in  fire  building.  See  also  Things 
to  Do,  page  175,  No.  5. 

Questions  (Page  153) 

1.  One  that  will  burn.  Leaves,  twigs,  wood, 
paper,  cloth,  coal,  gas,  oil. 

2.  Matches  have  a very  low  kindling  tem- 
perature. They  light  easily  when  rubbed  on  a 
rough  or  specially  prepared  surface. 

3.  The  temperature  to  which  a material 
must  be  heated  before  it  will  burst  into  flame. 

4.  Paper,  gasoline,  leaves,  wood  shavings, 
cloth. 

5.  Whirling  a hard,  pointed  stick  against  a 


soft  piece  of  wood,  a piece  of  flint  struck  against 
steel,  matches.  Matches. 

What  do  fires  need  to  keep  them 
burning?  (Pages  154-155) 

Concepts 

1.  To  keep  a fire  burning,  it  must  have  a 
current  of  fresh  air. 

2.  Kerosene  lamps  and  gas  stoves  are  made 
so  that  a current  of  fresh  air  can  get  to  the 
burning  fuel. 

Experiment 

Page  154:  To  show  that  a fire  must  have  air 
to  keep  burning. 

Materials:  Three  small  candles  about  two 
inches  high,  lamp  chimney,  piece  of  glass,  pen- 
cils or  sticks,  splinter  of  wood  or  roll  of  paper. 

Procedure 

The  experiment  pictured  at  the  top  of  page 
154'  will  help  make  clear  the  major  concept 
in  this  problem.  Be  sure  that  the  pupils  under- 
stand that  the  smoke  is  used  merely  as  a means 
to  show  how  the  air  moves.  After  performing 
this  experiment,  the  pupils  should  be  able  to 
state  the  four  things  needed  to  start  a fire  and 
keep  it  going.  (These  are  listed  on  page  155.) 
The  pictures  on  page  155  give  examples  of 
how  these  four  things  are  used.  Have  the  pupils 
recall  concepts  that  they  have  previously 
learned  which  help  them  understand  how  a 
fire  supplies  itself  with  fresh  air.  (See  pages 
113-114  of  the  text.)  See  also  Things  to  Do, 
page  175,  No.  1. 

Questions  (Page  155) 

1.  Combustible  material,  enough  heat  to 
raise  the  material  to  its  kindling  temperature, 
current  of  fresh  air. 

2.  Materials  with  a low  kindling  tempera- 
ture as  twigs,  leaves,  or  shavings,  are  laid  first 
so  that  the  fire  may  be  easily  started.  Materials 
with  higher  kindling  temperatures  are  put  on 
top.  All  materials  are  arranged  so  that  a cur- 
rent of  fresh  air  can  get  to  the  fire. 
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3.  So  that  air  can  get  through  the  grate  to 
the  fire. 

4.  Yes.  Cold  air  around  it  pushes  warm  air 
up.  This  makes  a current  of  air. 

5.  The  space  around  wood  shavings  lets  air 
get  to  them.  Sawdust  is  closely  packed,  and  the 
air  cannot  get  to  it  so  easily. 

6.  The  pages  are  close  together,  and  air  can- 
not get  to  them  easily.  The  best  way  to  burn 
it  would  be  to  open  it  or  tear  it  apart. 

What  happens  when  things  burn? 
(Pages  156-160) 

Concepts 

1.  When  any  material  burns,  it  gives  off  heat 
and  light  and  becomes  smaller. 

2.  When  any  material  burns,  a chemical 
change  takes  place. 

a)  Carbon  contained  in  the  material  com- 
bines with  oxygen  to  form  carbon  dioxide,  a 
colorless  gas. 

b)  Hydrogen  contained  in  the  material 
combines  with  oxygen  to  form  water  vapor. 

c ) Any  minerals  in  the  material  are  left 
as  ashes. 

d ) If  there  is  not  enough  oxygen  to  com- 
bine with  the  carbon,  some  of  the  carbon  is 
given  off  as  smoke. 

Experiments 

Pages  157-158:  To  show  that  materials  need 
oxygen  in  order  to  burn. 

Materials:  Test  tube  or  small  bottle,  water, 
iron  filings  (or  steel  wool),  pan  with  low  sides, 
matches. 

Page  158:  To  show  what  happens  when  a 
candle  burns. 

Materials:  Paraffin  candle,  match,  plate. 
Page  159:  To  show  that  carbon  dioxide  is 
formed  when  a candle  burns. 

Materials  : Limewater,  glass,  glass  tubing 
or  soda  straw,  candle,  piece  of  wire,  match, 
two  glass  jars,  flat  piece  of  glass. 

Page  159:  To  show  that  water  is  formed 
when  a candle  burns. 

Materials:  Candle,  match,  glass  jar. 


Procedure 

In  preparation  for  this  problem,  pupils 
should  set  up  the  experiment  pictured  and  de- 
scribed on  page  157.  After  the  experiment  is 
set  up,  ask  them  to  recall  what  they  know  about 
iron  rusting.  (It  is  a chemical  change  in  which 
oxygen  combines  with  iron.) 

Before  the  pupils  examine  the  results  of  the 
experiment  pictured  and  described  on  page  157, 
ask  them  to  tell  everything  they  now  know 
about  what  happens  when  something  burns. 
Have  them  recall  what  they  learned  in  the 
preceding  unit.  After  this  discussion,  they 
should  read  to  the  last  paragraph  on  page  157 
and  list  the  things  that  happen  as  a fire  burns. 
Then  they  are  ready  to  examine  the  results  of 
the  experiment  and  draw  their  conclusions. 

The  next  experiment  described  in  the  second 
column  on  page  158  and  illustrated  on  that 
page  should  be  done  carefully.  Be  sure  that 
the  pupils  follow  the  directions  given  in  the 
text.  The  same  caution  applies  to  the  experi- 
ments on  page  159.  Pupils  should  understand 
that  limewater  is  used  to  test  for  carbon  diox- 
ide, just  as  blue  litmus  paper  is  used  to  test 
for  acids.  The  two  paragraphs  on  the  top  of 
page  160  summarize  the  essential  learnings. 

Questions  (Page  160) 

1.  Produces  heat  and  light;  gets  smaller; 
often  makes  smoke;  sometimes  disappears  or 
else  leaves  ash. 

2.  (Experiment,  page  157.)  Took  the  oxy- 
gen out  of  some  air;  tried  to  burn  a match  in 
this  air  and  then  in  ordinary  air  under  the 
same  conditions. 

3.  By  burning  a candle  in  a jar,  removing 
the  candle  and  pouring  in  limewater,  which 
appears  milky  when  carbon  dioxide  is  put 
into  it. 

4.  By  holding  a dry  jar  over  a candle,  allow- 
ing air  to  enter  at  the  bottom,  and  seeing  the 
moisture  collect  on  the  sides  of  the  jar. 

5.  Because  they  are  made  entirely  of  ele- 
ments that  will  combine  with  oxygen  to  form 
gases.  Oil,  kerosene,  gasoline,  gas. 
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6.  Materials  that  do  not  combine  with  oxy- 
gen. Paper,  cloth,  wood,  coal. 

How  can  we  conserve  our  fuels? 
(Pages  160-164) 

Concepts 

1.  We  must  conserve  our  coal,  oil,  and  gas, 
because  the  supply  will  not  last  forever  and 
these  fuels  cannot  be  replaced. 

2.  Fuels  may  be  conserved  by  using  them 
carefully. 

3.  Fuels  may  be  conserved  by  using  new 
kinds  of  fuels  or  other  sources  of  energy. 

Information  for  the  teacher 

Gas  from  the  earth  is  called  natural  gas.  It 
is  really  a mixture  of  four  gases:  methane, 
ethane,  propane,  and  butane.  The  largest  part 
is  methane. 

In  the  future,  gas  may  be  obtained  from 
coal  by  burning  it  under  ground.  The  gas  will 
be  piped  to  the  surface,  and  the  various  prod- 
ucts of  coal  recovered  in  large  recovery  plants. 
This  will  enable  much  coal  to  be  recovered 
from  incompletely  worked  mines.  This  method 
has  been  successfully  used  in  some  places  and 
is  now  being  tried  in  this  country. 

To  stretch  out  the  oil  supply,  deeper  drilling, 
better  processes  for  making  synthetic  fuels,  and 
more  efficient  use  of  fuel  must  be  developed. 

Material  on  coal  resources  and  how  to  use 
them  may  be  obtained  from  the  Bituminous 
Coal  Institute,  60  E.  42nd  Street,  New  York  17, 
N.Y. 

Procedure 

Have  the  pupils  look  at  the  picture  on  page 
161  and  give  their  answer  to  this  question: 
“What  do  you  think  is  wrong  in  this  picture?” 
From  the  preceding  problem,  they  should 
know  that  smoke  shows  that  all  of  the  fuel 
is  not  being  burned.  Then  ask  pupils  how  we 
can  conserve  fuels.  Write  the  pupils’  sugges- 
tions on  the  board  and  then  have  them  read 
pages  160-164.  The  pictures  on  page  162  and 
163  illustrate  ways  of  saving  fuel.  Ask  pupils 


to  find  places  at  home,  at  school,  and  in  the 
community  where  fuel  can  be  saved  and  to 
learn  whether  it  is  being  done.  If  new  building 
is  going  on  near  the  school,  let  the  pupils 
observe  insulation  as  well  as  the  heating  plant. 

Questions  (Page  164) 

1.  Because  the  coal,  oil,  and  gas  taken  from 
the  earth  cannot  be  replaced. 

2.  {a)  Keep  fires  from  smoking  so  that  we 
do  not  lose  fuel  in  escaping  carbon.  ( b ) Save 
heat  in  buildings  so  that  we  use  less  fuel. 
(c)  Save  heat  in  cooking  so  that  fuel  is  not 
wasted.  ( d ) Whenever  possible,  use  fuels  that 
are  being  replaced,  such  as  wood,  (e)  Use 
other  sources  of  energy,  such  as  moving  water 
and  electric  current. 

3.  Answer  depends  on  community.  If  the 
answer  is  yes,  smoke  will  probably  be  the  rea- 
son. 

4.  More  air  should  be  mixed  with  the  gas, 
because  the  fuel  is  not  getting  enough  oxygen 
to  burn  all  the  carbon. 

What  can  we  do  to  prevent  fires? 
(Pages  164-167) 

Concept 

Accidental  fires  can  be  avoided  by  preventing 
the  three  things  needed  for  burning  from  com- 
ing together. 

Information  for  the  teacher 

Pictures.  Page  165.  Put  water  on  it  and  cover 
it  with  dirt  or  sand. 

Page  166.  Rags,  papers,  and  other  combus- 
tible materials  should  never  be  piled  near  a 
furnace. 

Text.  The  fourth  paragraph  on  page  166 
describes  what  is  called  spontaneous  combus- 
tion. Spontaneous  combustion  may  also  occur 
in  new  hay  in  a barn  or  grain  in  a bin.  It  occurs 
most  easily  in  materials  with  low  kindling 
temperatures. 

For  further  material  on  safety  with  fire, 
the  teacher  should  write  to  the  School  and 
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College  Division  o£  the  National  Safety  Coun- 
cil, 20  North  Wacker  Drive,  Chicago  6,  Illinois, 
for  a list  of  materials  available  to  elementary 
teachers. 

State  conservation  bureaus  will  furnish  ma- 
terial on  safety  with  outdoor  fires  and  give  any 
local  or  regional  regulations.  Much  material 
is  also  obtainable  from  the  United  States  De- 
partment of  Agriculture  (Forest  Service).  See 
Bibliography,  page  85,  for  method  of  obtaining 
bulletins. 

Procedure 

The  importance  of  this  problem  and  the 
next  one  cannot  be  overemphasized.  Stress  the 
fact  that  accidental  fires  can  be  prevented  by 
using  what  the  pupils  have  learned  about  burn- 
ing. Then  have  them  read  and  discuss  pages 
164-167.  Be  sure  that  the  pupils  examine  the 
pictures  on  pages  165  and  166.  Have  them  an- 
swer the  questions  under  the  pictures  to  review 
what  they  have  learned  about  fire  prevention. 
The  safety  rules  on  page  167  should  then  be 
studied,  and  each  individual  in  the  class  should 
decide  how  he  himself  can  best  use  them.  The 
rules  may  be  copied  and  taken  home  to  be 
used  by  the  whole  family. 

A fireman  from  the  local  department  may 
be  willing  to  talk  to  the  class  about  preventing 
fires,  as  suggested  in  Things  to  Do , page  175, 
No.  7.  Other  interesting  activities  will  be  found 
on  the  same  page,  Nos.  3,  4,  8,  and  9. 

Questions  (Page  167) 

1.  By  keeping  them  from  starting. 

2.  Keep  the  things  needed  for  burning  from 
coming  together. 

3.  (1)  Matches  cause  many  accidental  fires. 
(2)  An  outdoor  fire  may  start  a much  bigger 
fire.  (3)  The  fire  may  blaze  up.  (4)  They  may 
cause  a sudden  blaze  or  explosion.  Paper  and 
wood  are  more  easily  controlled.  (5)  They  may 
easily  set  fire  to  objects  in  the  room.  (6)  They 
may  burst  into  flame  and  start  a fire. 

4.  Carelessness.  If  people  are  careful  with 
fires,  there  will  be  few  harmful  fires. 

5.  Answers  individual. 


How  can  we  put  out  fires? 

(Pages  168-173) 

Concepts 

1.  A fire  should  be  promptly  and  correctly 
reported  to  the  fire  department. 

2.  Fires  can  be  put  out  by  removing  one  or 
more  of  the  three  things  needed  for  burning. 
Experiment 

Page  172:  To  see  how  carbon-dioxide  gas 
puts  out  a fire. 

Materials  : Baking  soda,  vinegar,  glass, 
match. 

Information  for  the  teacher 

Pictures.  Page  168.  Most  city  alarm  boxes 
are  operated  as  shown  in  the  picture,  although 
many  are  opened  by  a handle  rather  than  a key. 

Page  169.  Fire  lanes  are  made  wide  enough  so 
that  the  fire  cannot  jump  across  them  unless 
there  is  an  extremely  strong  wind. 

Page  170.  The  water  cools  the  combustible 
materials  so  that  they  do  not  burn  completely. 
This  causes  some  of  the  material  to  go  off  as 
smoke. 

Page  171.  If  you  know  how  different  kinds 
of  fire  extinguishers  work,  you  will  be  able  to 
use  whatever  kind  is  at  hand  in  an  emergency. 
In  the  picture,  the  extinguisher  labeled  “carbon 
dioxide”  is  a small  tank  of  carbon-dioxide  gas. 
Carbon  tetrachloride  is  also  used  as  cleaning 
fluid.  The  soda-acid  extinguisher  is  the  type 
described  in  the  text  (page  172)  in  which  car- 
bon dioxide  is  formed  from  soda  and  acid. 
A foamite  extinguisher  is  a variation  of  a 
carbon-dioxide  extinguisher.  It  produces  a foam 
of  carbon-dioxide  bubbles.  These  bubbles  float 
on  the  gasoline  or  oil  and  keep  the  air  away. 
The  foam  is  made  by  mixing  a solution  of 
baking  soda  and  extract  of  licorice  root  with 
a solution  of  aluminum  sulphate.  The  carbon 
dioxide  is  made  by  chemical  action  between 
soda  and  aluminum  sulphate.  The  extract  of 
licorice  root  helps  make  tough  bubbles  to 
carry  the  carbon  dioxide  to  the  fire. 

Page  172.  This  is  a specially  constructed  air- 
port fire  truck.  It  contains  both  liquid  carbon 
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dioxide  kept  at  0°F.,  which  can  be  expelled  as 
carbon-dioxide  snow,  and  a foam  solution.  The 
cooling  effect  of  the  snow  allows  the  truck  to 
approach  the  fire  closely  and  permits  rescue 
work  to  get  under  way  at  once,  even  before 
the  fire  is  completely  extinguished.  The  blan- 
keting effect  of  the  foam  extinguishes  the 
flame  and  covers  any  exposed  gasoline  that 
might  be  ignited. 

Procedure 

Like  the  preceding  problem,  this  one  should 
be  taught  as  an  application  of  what  the  pupils 
have  learned  about  burning.  Have  them  read 
and  discuss  pages  168-173.  Be  sure  that  they  use 
the  pictures  in  their  discussion.  The  safety 
rules  should  be  thoroughly  understood.  Pupils 
should  be  able  to  give  a reason  for  each  rule. 

The  children  should,  if  possible,  become  fa- 
miliar with  the  different  kinds  of  fire  extin- 
guishers in  common  use.  After  doing  the  ex- 
periment on  page  172,  the  class  should  exam- 
ine one  of  the  school  fire  extinguishers.  The 
school  engineer  will  probably  be  willing  to 
show  the  extinguisher.  Or  if  there  is  an  old 
one  that  is  no  longer  used,  it  can  be  added 
to  the  science  equipment.  The  extinguisher 
should  be  opened  so  that  the  pupils  can  see  the 
glass  bottle  containing  the  acid  and  how  the 
heavy  stopper  falls  out  when  the  extinguisher 
is  turned  upside  down.  Since  they  have  seen 
the  action  of  vinegar,  a weak  acid,  on  baking 
soda,  they  can  understand  how1  the  strong  acid 
acting  on  the  soda  can  produce  quantities  of 
carbon  dioxide.  Pupils  should  understand  why 
a fire  extinguisher  should  never  be  taken  from 
the  hook  unless  it  is  to  be  used.  The  chemical 
action  cannot  be  stopped  once  it  is  started. 

If  possible,  have  pupils  visit  a local  fire  sta- 
tion to  examine  the  fire  extinguishers  and  other 
equipment  that  the  firemen  use,  as  suggested  in 
Things  to  Do , page  175,  No.  2. 

After  a study  of  this  problem,  the  pupils  may 
perform  a worth-while  service  for  the  school 
by  helping  other  classes  realize  the  importance 
of  observing  the  rules  for  fire  drills.  If  no  such 
rules  have  been  made,  the  class  may  make  a set 


of  rules  to  fit  the  school  and  send  them  to  each 
room  in  the  building.  Such  rules  might  in- 
clude: 

1.  Leave  your  desk  and  prepare  to  leave 
your  room  at  once. 

2.  Keep  in  line  as  directed. 

3.  If  you  are  among  the  first  in  line,  go  out 
far  enough  from  the  building  to  allow  others 
to  get  out  without  congestion. 

4.  Do  not  re-enter  the  building  until  a sig- 
nal is  given. 

Questions  (Page  173) 

1.  Clear  away  any  material  that  will  burn; 
cool  the  burning  material;  shut  off  the  supply 
of  oxygen. 

2.  It  cools  the  material  below  its  kindling 
temperature  and  shuts  off  the  supply  of  oxygen. 

3.  A stream  of  water  will  spread  fat  and  oil 
fires.  These  fires  should  be  smothered  in  some 
way,  as  with  carbon-dioxide  gas,  sand,  or  dirt. 

4.  Stand  still  and  look  for  something  to  roll 
yourself  in  to  shut  off  the  supply  of  oxygen. 

5.  Report  to  the  fire  department  at  once. 
If  the  fire  is  small  enough,  use  water  to  try  to 
put  it  out,  or  try  to  smother  the  flames. 

Questions  to  answer  (Page  174) 

Picture.  No.  Never  use  kerosene  or  gasoline 
to  help  start  a fire. 

1.  So  that  a fresh  supply  of  oxygen  can  get 
to  the  wood. 

2.  Both  should  be  open  to  let  air  in  and 
smoke  and  gases  out. 

3.  Turn  down  the  wick  so  that  less  fuel  is 
supplied.  Or  clean  and  trim  the  wick  so  that 
the  fuel  can  burn  more  easily. 

4.  Gas  and  kerosene  are  made  of  elements 
that  all  combine  with  oxygen  in  the  chemical 
change  that  takes  place  when  they  burn. 

5.  There  is  oxygen  all  around  it  when  it  is 
in  the  air. 

6.  The  added  leaves  shut  off  some  of  the 
oxygen  and  thus  prevent  burning. 

7.  Heat  from  the  hot  lamp  makes  them 
evaporate  easily.  The  vapor  mixes  with  oxygen 
in  the  air  and  may  easily  explode. 
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8.  By  shutting  off  the  supply  of  oxygen. 

9.  Answers  brought  out  in  discussion  of 
safety  rules. 

10.  The  same  amount  of  kindling  wood 
might  be  laid  under  the  same  amount  of  each 
kind  of  coal.  The  kind  that  caught  fire  more 
quickly  would  have  the  lower  kindling  tem- 
perature. Soft  coal  usually  has  the  lower  kin- 
dling temperature. 

11.  They  should  be  opened  to  let  in  as  much 
oxygen  as  possible. 

12.  Prevent  or  help  prevent  needless  fires. 
Conserve  fuel  when  cooking,  heating,  etc. 

13.  Chimneys  provide  a better  draft  for  the 
fire.  The  air  moves  by  the  fire  more  rapidly, 
and  so  the  fire  gets  more  oxygen.  They  also 
let  smoke  from  our  stoves  and  furnaces  escape. 
They  carry  the  sparks  high  above  the  roof  so 
that  the  sparks  have  gone  out  before  they  fall 
on  the  roof. 

14.  You  could  use  water,  sand  or  dirt,  rugs 
or  blankets,  or  whatever  was  available  to 
smother  the  flames.  An  oil  fire  could  be  put 
out  with  sand  or  dirt  and  blazing  fat  with 
soda  or  by  covering  it  with  a metal  cover. 


Things  to  do  (Page  175) 

1.  Use  the  picture  on  page  150  as  a guide. 

2.  This  visit  should  be  planned  in  advance 
by  the  teacher. 

3.  Interviews  with  local  fire-insurance  com- 
panies, or  letters  to  them,  will  bring  additional 
information. 

4.  Inquiries  may  be  made  at  lumber  com- 
panies and  other  agencies  for  building  mate- 
rials. Most  common  are  the  non-combustible 
shingles  of  various  kinds.  Slate  and  tile  roofs 
are,  of  course,  made  of  materials  naturally  non- 
combustible. These  are  better  than  wooden 
shingles  because  they  prevent  the  house  from 
being  set  on  fire  by  flying  sparks  from  other 
fires,  defective  chimneys,  etc. 

5.  The  most  common  matches  will  be  safety 
matches  and  the  large  kitchen  matches.  Some- 
one may  have  some  of  the  matches  with  wax 
sticks  such  as  used  in  Mexico. 

6.  Consult  local  fuel  dealers. 

7-8.  Individual  or  group  activities. 

9.  See  “Information  for  the  teacher,”  column 
2,  page  62  of  this  Guidebook^. 


unit  7 o Why  Do  You  Need  Food? 


Purpose  and  scope 

This  unit  and  the  two  units  that  follow  all 
deal  in  some  way  with  food.  Unit  7 takes  up 
the  different  kinds  of  foods  and  their  uses  in 
the  body.  Unit  8 discusses  the  sources  of  food. 
Unit  9 tells  how  to  make  and  care  for  a garden 
that  will  produce  food.  The  sequence  of  units 
thus  insures  an  orderly  development  of  fun- 
damental understandings  by  beginning  with 
food  problems  of  immediate  concern  to  the 
pupils. 

If  this  unit  is  made  real  to  pupils,  they  will 
understand  the  importance  of  eating  the  proper 
food.  They  should  be  urged  to  apply  the  things 


that  they  learn  to  their  own  living.  If  there  is 
a school  lunch  program,  or  a school  cafeteria, 
pupils  can  apply  what  they  are  learning  to 
the  selection  of  food.  The  adults  responsible  for 
planning  of  the  school  lunches  may  have  much 
valuable  information  to  contribute  to  the  class. 

Science  bac\ground 

Loo\  and  Learn:  Unit  1,  Animals;  Unit  4, 
Outdoors. 

All  Around  Us:  Unit  1,  Animals. 

How  Do  We  Know?:  Unit  1,  Animals. 

Discovering  Our  World , Boo\  One:  Unit  2, 
Why  Do  All  Living  Things  Need  Air  and 
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Water?  Unit  3,  How  Does  Your  Body  Work? 
Unit  7,  How  Can  You  Keep  Well?  Unit  8, 
How  Do  Animals  and  Plants  Grow? 

Discovering  Our  World , Boo\  Two:  Unit 
2,  What  Makes  Things  Move?  Unit  5,  What 
Are  Things  Made  Of?  Unit  6,  How  Can  We 
Control  Fire? 

General  concepts 

1.  The  right  kinds  and  amounts  of  food  are 
necessary  for  proper  growth  and  development 
of  your  body. 

2.  Fats  and  carbohydrates  supply  your  body 
with  energy  and  heat. 

3.  Proteins  and  minerals  help  your  body 
grow  properly  and  repair  worn-out  parts. 

4.  Vitamins  protect  your  body  from  certain 
diseases  and  help  it  grow  properly. 

5.  Your  body  needs  plenty  of  water  to  keep 
it  well. 

6.  The  proper  amounts  of  the  necessary 
foods  can  be  obtained  by  planning  or  choosing 
well-balanced  diets. 

7.  Food  should  be  cooked  properly. 

Introducing  the  unit  (Page  177) 

Write  the  unit  title  on  the  board  and  then 
ask  the  pupils  to  give  as  many  reasons  as  they 
can  why  they  need  food.  List  the  reasons  on 
the  board  under  the  unit  title.  Keep  the  list  so 
that  it  can  be  checked  and  revised  as  the  study 
of  the  unit  progresses. 

Now  have  the  pupils  read  and  discuss  page 
177.  After  the  discussion,  let  them  try  to  decide 
why  the  animals  pictured  on  pages  176-177 
need  careful  feeding. 

What  does  food  do  for  you? 

(Pages  178-180) 

Concepts 

The  right  kinds  and  amounts  of  food  are 
necessary  for  proper  growth  and  development 
of  your  body. 

a)  Some  foods  make  you  grow  bigger  and 
taller. 

b ) Some  foods  help  prevent  diseases. 


c ) Some  foods  help  make  healthy  teeth 
and  bones. 

d ) Some  foods  give  you  energy. 

e ) Some  foods  help  repair  worn-out  parts 
of  your  body  and  make  some  of  the  materials 
that  keep  it  running  well. 

Experiment 

Page  180:  To  find  out  what  foods  help  rats 
grow  and  keep  healthy. 

Materials:  White  rats  (at  least  four,  the 
same  age  and  size),  lean  meat,  bread,  potatoes, 
water,  raw  and  cooked  vegetables,  milk,  cages 
for  the  rats,  scales. 

Information  for  the  teacher 

Pictures.  Page  178.  The  practice  of  weighing 
and  measuring  pupils  is  carried  on  regularly  in 
many  schools.  A very  helpful  pamphlet  for 
this  problem  and  for  the  unit  as  a whole  is 
published  by  the  United  States  Office  of  Ed- 
ucation. It  is  Pamphlet  No.  1 of  the  Nutrition 
Education  Series — “Nutrition  Education  in  the 
Elementary  Schools.”  (See  Bibliography  for 
method  of  obtaining  it.)  It  gives  help  in  plan- 
ning nutrition  activities  as  well  as  giving  the 
basic  information  needed  for  children  at  this 
level.  The  pamphlet  stresses  the  importance 
of  giving  the  children  a true  idea  of  growth. 
It  states:  “Growth  depends  on  many  closely 
related  factors;  it  is  impossible  to  specify  ex- 
actly which  factor  is  responsible  for  any  child’s 
failure  to  grow  as  rapidly  as  he  desires. 

“The  teacher  should  make  clear  that  the 
rate  of  growth  depends  partly  on  body  build 
and  other  hereditary  factors  and  partly  on  ade- 
quate rest,  freedom  from  infection,  and  ade- 
quate food.  The  addition  of  any  one  kind  of 
food  to  the  diet  may  not  produce  immediate 
or  marked  results,  especially  if  some  other  con- 
ditions favorable  to  growth  are  lacking. 

“The  practice  of  designating  children  as  over- 
weight, normal,  or  underweight  has  been  aban- 
doned in  most  schools  because  it  is  often  seri- 
ously misleading.  What  a child  should  weigh 
is  determined  largely  by  his  individual  physical 
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build.  If  he  fails  to  grow  over  a period  of  four 
or  five  months,  or  if  he  appears  unduly  thin  or 
unduly  fat,  medical  advice  should  be  sought. 
It  is  important  to  recognize  that  being  ‘nor- 
mal’ in  weight  does  not  necessarily  mean  that 
a child  is  well-nourished.” 

Page  180.  For  the  rat  experiment,  other  diets 
than  the  ones  given  in  the  text  are  suggested  in 
the  pamphlet  mentioned  above.  These  diets 
show  the  effects  of  other  kinds  of  foods.  This 
experiment  can  be  very  helpful  if  it  is  care- 
fully done.  It  is  best  to  have  at  least  two  ani- 
mals in  each  cage,  although  if  both  are  of  the 
same  sex,  one  may  be  used  in  each  cage.  If 
the  animals  are  of  mixed  sexes,  one  female 
and  one  male  should  be  placed  in  each  cage. 
Arrangements  must  be  made  so  that  the  ani- 
mals are  properly  fed  over  the  weekend,  or 
the  results  will  not  be  accurate. 

This  experiment  will  be  more  successful  if 
the  rats  on  the  good  diet  take  in  as  much  milk 
as  they  will,  about  three  tablespoonfuls  each 
day,  before  they  are  given  water.  Rats  will  not 
drink  milk  if  water  is  available.  For  this  rea- 
son, dried  milk  is  often  mixed  with  the  other 
solid  foods,  instead  of  giving  liquid  milk.  A 
weekly  record  is  kept  of  the  gains  of  each 
animal,  and  other  signs  of  good  or  poor  nutri- 
tion are  noted.  If  possible,  after  a marked  dif- 
ference has  developed  between  the  rats  in  the 
two  cages,  the  rats  on  the  poorer  diet  should 
be  changed  to  the  better  diet  and  the  results 
observed  over  a period  of  weeks. 

Text.  Page  179.  Paragraph  1 refers  to  the 
work  on  pellagra  by  Dr.  Joseph  Goldberger. 
He  discovered  that  pellagra  is  caused  by  diets 
lacking  in  milk,  eggs,  green  vegetables,  etc. 
These  foods  all  contain  one  of  the  B vitamins. 

Many  organizations  provide  free  or  low-cost 
materials  on  nutrition  for  teachers.  See  Bib- 
liography for  sources  of  materials  that  will  give 
additional  help  for  all  parts  of  this  unit. 

Procedure 

From  previous  units,  the  pupils  already 
know  that  food  provides  energy.  This  prob- 
lem may  be  introduced  by  having  the  pupils 


discuss  what  they  already  know  about  food. 
Then  have  the  pupils  read  pages  178-179  to 
find  out  as  many  ways  as  possible  in  which 
foods  help  the  body. 

The  food  list  suggested  on  page  180  will  be 
very  useful  as  the  study  of  the  unit  progresses. 
Let  the  pupils  plan  how  this  list  is  to  be  kept. 

The  rat-feeding  experiment  on  page  180  is 
a most  interesting  and  instructive  part  of  this 
unit.  It  provides  an  excellent  opportunity  for 
exercising  care  in  experimenting,  for  careful 
keeping  of  data,  and  for  drawing  accurate  con- 
clusions. If  the  rats  are  available,  ask  the  pupils 
if  they  can  decide  how  to  set  up  an  experiment 
with  the  rats  so  that  they  can  learn  how  im- 
portant it  is  to  eat  the  proper  kind  of  food. 
After  they  have  discussed  this  question,  let 
them  read  page  180  and  set  up  the  experiment. 

Questions  (Page  180) 

1.  Makes  you  grow  bigger;  helps  you  grow 
strong,  healthy  teeth  and  a healthy  body;  gives 
you  strength  to  do  work  and  keep  warm; 
makes  new  blood  and  skin,  etc. 

2.  Food  supplies  the  energy  that  keeps  you 
warm  and  keeps  your  heart  pumping  and  your 
lungs  moving  while  you  are  asleep. 

3.  Rats  that  have  a good  diet  grow  more 
and  look  healthier  than  rats  that  have  a poor 
diet. 

What  foods  keep  you  warm  and  give 
you  energy?  (Pages  181-185) 

Concepts 

Fats  and  carbohydrates  supply  your  body 
with  energy  and  heat. 

a)  Butter,  lard,  margarine,  etc.,  contain 
fats. 

b ) Starch  and  sugar  are  carbohydrates. 

c ) Fats  and  carbohydrates  are  com- 
pounds made  of  carbon,  hydrogen,  and  oxy- 
gen. 

Experiments 

Page  183:  To  test  some  foods  for  fat. 
Materials:  Food  containing  fats  and  some 
other  foods,  paper. 
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Page  184:  To  learn  the  test  for  starch  and  to 
test  some  foods  for  starch. 

Materials:  Two  glasses  of  water,  starch, 
iodine,  knife,  potato,  cereals,  bread,  different 
fruits  and  vegetables,  corn  seed,  bean  seed. 

Information  for  the  teacher 

Pictures.  Page  182.  The  foods  are  walnuts, 
oil,  cream,  butter,  lard,  bacon. 

Page  183.  The  foods  are  honey,  bread,  sugar, 
macaroni,  beans,  oatmeal,  potato. 

Page  184.  Cut  the  squash,  eggplant,  onion, 
corn  kernels,  and  string  beans.  Put  a few  drops 
of  iodine  on  each  one.  The  foods  having  starch 
(potato,  corn)  will  turn  dark  blue,  purple,  or 
black. 

Procedure 

Pupils  should  look  at  their  lists  and  try  to 
decide  which  foods  keep  them  warm  and  pro- 
vide energy.  Then  have  the  pupils  read  down 
to  the  last  paragraph  on  page  182.  Ask  them  to 
tell  what  food  materials  are  called  fuel  foods 
or  energy  foods  (fats  and  carbohydrates). 
Pronounce  the  word  carbohydrate  for  the  class 
if  necessary  or  have  the  pupils  refer  to  Science 
Words  for  the  pronunciation.  The  children 
should  then  test  different  foods  for  fat,  as 
suggested  in  the  paragraph  that  begins  at  bot- 
tom of  page  182.  Have  the  pupils  identify  the 
foods  in  the  picture  on  page  182.  Then  read  and 
discuss  the  next  two  paragraphs  on  page  183. 

Now  the  children  are  ready  to  learn  about 
carbohydrates.  Have  them  read  the  next  to  last 
paragraph  on  page  183  and  identify  the  foods 
in  the  picture  at  the  top  of  the  page.  Then  the 
pupils  should  read  the  next  paragraph  and  do 
the  experiment  described  and  illustrated  on 
page  184. 

Pupils  will  be  interested  in  making  the  tests 
for  different  food  materials.  Everyone  in  the 
class  should  have  an  opportunity  to  observe 
the  tests.  (No  test  for  sugar  is  given  in  the 
text,  since  tests  for  sugar  are  too  difficult  for 
pupils  at  this  grade  level.) 

After  the  rest  of  the  problem  has  been  read 
and  discussed,  pupils  should  decide  which  of 


the  foods  in  their  lists  contain  fats  and  which 
contain  starchy  carbohydrates.  Also,  they 
should  decide  the  same  thing  for  the  foods 
used  in  the  rat  diets.  Pupils  may  wish  to  make 
a series  of  wall  charts  on  which  they  can  place 
pictures  of  fat  foods  and  carbohydrate  foods. 

The  last  paragraph  on  page  185  can  be  re- 
lated to  what  the  children  have  learned  about 
the  diet  of  peoples  that  live  in  cold  climates. 

Questions  (Page  185) 

1.  Fat  or  carbohydrate.  It  supplies  us  with 
heat  to  keep  us  warm  and  energy  to  move  our 
muscles. 

2.  Food  combines  with  oxygen  in  your  body 
to  produce  heat  and  energy. 

3.  Energy  is  used  by  your  muscles  to  do 
their  work,  and  it  provides  the  heat  to  keep 
your  body  warm. 

4.  Butter,  lard,  margarine,  meat,  egg  yolk, 
cheese,  nuts,  etc.  Answers  will  vary. 

5.  Fruit  (oranges,  bananas,  grapes,  apples, 
berries),  candy,  bread,  potatoes,  cereals,  etc. 
Answers  will  vary. 

What  foods  help  you  grow  and  keep 
healthy?  (Pages  185-188) 

Concepts 

Proteins  and  minerals  help  your  body  grow 
properly  and  repair  worn-out  parts. 

a)  Lean  meat,  milk,  cheese,  eggs,  fish, 
and  a few  vegetables  contain  much  protein. 

b)  Milk,  egg  yolk,  cheese,  liver,  lean 
meat,  fish,  seafoods,  and  some  vegetables  con- 
tain necessary  minerals. 

c ) Protein  is  a compound  of  carbon,  hy- 
drogen, oxygen,  nitrogen,  and  sometimes 
sulphur  and  phosphorus. 

d)  Calcium,  phosphorus,  iron,  and  iodine 
are  necessary  minerals. 

Experiment 

Page  187:  To  show  that  bones  need  calcium 
to  make  them  stiff. 

Materials:  Slender  chicken  bone,  dish, 
strong  vinegar. 
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Information  for  the  teacher 

Pictures.  Page  186.  The  foods  are  chicken, 
milk,  cheese,  beef,  eggs,  fish,  beans,  liver. 

Page  187.  The  foods  are  cheese,  milk,  celery, 
liver,  peas,  tomatoes,  spinach,  carrots,  oranges, 
apples.  (Some  water  is  a good  source  of  min- 
erals.) 

Procedure 

The  same  general  procedure  used  in  the  pre- 
ceding problem  may  be  used  here.  Have  the 
pupils  read  to  the  end  of  the  first  paragraph 
on  page  186.  Pronounce  the  word  protein  or 
have  the  pupils  find  its  pronunciation  in  Sci- 
ence Words.  Then  let  them  identify  the  foods 
that  contain  protein  in  the  picture  on  page  186. 

Then  let  the  pupils  do  the  experiment 
described  on  page  187  and  read  to  the  end  of 
the  problem.  They  should  identify  the  food 
in  the  picture  on  page  187.  Now  have  the  pu- 
pils use  the  pictures  to  find  foods  that  provide 
both  protein  and  minerals  (milk,  cheese,  liver). 
Let  them  make  a list  of  foods  that  are  good 
sources  of  both  kinds  of  body-building  foods. 
Also  have  the  pupils  apply  what  they  have 
learned  to  the  diets  in  the  rat  experiments. 

Questions  (Page  188) 

1.  Protein,  minerals. 

2.  Lean  meat,  milk,  cheese,  eggs,  fish,  beans. 

3.  You  need  minerals  such  as  calcium  and 
phosphorus  for  your  bones  and  teeth,  and  iron 
for  your  blood. 

4.  Protein  contains  the  elements  carbon,  oxy- 
gen, hydrogen,  and  nitrogen,  and  sometimes 
sulphur  and  phosphorus,  while  fats  and  carbo- 
hydrates do  not  contain  the  last  three  elements. 
Protein  is  a body-building  food,  while  fats  and 
carbohydrates  are  fuel  foods  or  energy  foods. 

How  do  vitamins  help  you  keep  well? 
(Pages  188-192) 

Concepts 

1.  Vitamins  protect  your  body  from  certain 
diseases  and  help  it  grow  properly. 


2.  A well-balanced  diet  containing  the  pro- 
tective foods  usually  provides  the  necessary 
amounts  of  vitamins  for  your  body. 

Information  for  the  teacher 

Pictures.  Page  189.  Dr.  Eijkman  and  his 
chicken  experiment. 

Page  190.  The  foods  are  oranges,  apples, 
enriched  bread,  yeast,  milk,  eggs,  cereal, 
butter,  spinach,  cod-liver  oil,  carrots,  liver, 
tomatoes,  peas. 

Page  191.  Bakers  can  buy  tablets  containing 
specified  amounts  of  vitamin  Bj  and  the  other 
B vitamins.  These  tablets  are  dissolved  in 
water  and  put  into  the  dough.  The  govern- 
ment has  set  up  standards  for  enrichment. 
When  a bread  label  says  that  the  bread  has 
been  enriched,  it  means  that  at  least  a specified 
amount  of  vitamin  B1?  riboflavin,  niacin,  and 
iron  has  been  added. 

Page  192.  The  prevention  of  rickets  by  vita- 
min D.  These  rats  are  from  the  same  litter, 
twenty  weeks  old.  The  top  picture  shows  the 
short  body  and  bowlegs  typical  of  rickets. 

Text.  The  story  of  the  discovery  of  the  cause 
of  beriberi  is  about  Dr.  Christian  Eijkman,  a 
Dutch  physician  who  was  the  medical  officer  at 
a prison  in  the  Dutch  East  Indies.  He  made  his 
important  discovery  in  1897.  Later  the  sub- 
stance in  the  rice  hulls  was  called  Vitamin  B 
by  Dr.  Casimir  Funk,  a Polish  scientist,  who 
named  the  vitamins  in  1921.  Still  later,  an 
American  scientist,  Dr.  R.  R.  Williams,  dis- 
covered that  this  substance  is  one  of  the  several 
vitamins  that  make  up  vitamin  B or  the  vita- 
min-B  complex,  as  it  is  usually  called.  He 
found  that  it  is  the  chemical  substance  thia- 
mine, now  known  as  vitamin  Bx.  Two  of  the 
other  members  of  the  vitamin-B  complex  are 
niacin , the  factor  controlling  pellagra  (men- 
tioned on  page  67  of  this  Guidebook)  and  ribo- 
flavin, which  controls  another  disease  that  ac- 
companies pellagra. 

Vitamin  A was  the  first  vitamin  to  be  iden- 
tified individually.  This  was  accomplished  by 
Dr.  E.  V.  McCollum  and  Marguerite  Davis  in 
1915.  Vitamin  A is  manufactured  in  the  animal 
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body  from  carotene,  a substance  occurring  in 
such  plant  parts  as  green  leaves  and  carrot 
roots.  When  vitamin  A is  added  to  margarine, 
the  margarine  is  said  to  be  “fortified.” 

Vitamin  C is  known  as  the  antiscorbutic 
vitamin.  It  is  the  chemical  substance  ascorbic 
acid.  The  discoverer  of  the  beneficial  results  of 
drinking  citrus  juice  was  Dr.  Lind,  a surgeon 
in  the  British  navy  in  the  early  eighteenth  cen- 
tury. This  good  effect  had  been  noted  before, 
but  Dr.  Lind  was  the  first  to  use  the  experi- 
mental method  of  demonstrating  the  fact. 

Vitamin  D,  called  the  antirachitic  vitamin, 
is  now  being  obtained  from  shark  livers  as  well 
as  from  cod  and  halibut  livers.  When  food  is 
“irradiated  by  ultraviolet  light,”  the  substance 
ergosterol  in  the  food  is  changed  to  vitamin  D. 

Procedure 

Since  practically  all  pupils  have  some  infor- 
mation about  vitamins,  a good  way  to  introduce 
the  unit  is  to  have  them  tell  their  experiences. 
Then  let  them  read  and  discuss  pages  188-189 
(except  the  last  paragraph).  The  story  of  the 
doctor’s  experiment  with  chickens  illustrated 
on  page  189  is  an  excellent  example  of  how 
scientists  work. 

Now  have  the  pupils  read  and  discuss  the  rest 
of  the  problem,  using  the  pictures  on  pages 
190-192.  Let  them  identify  the  foods  in  the 
picture  on  page  190.  They  should  observe  that 
these  foods  also  supply  fats,  carbohydrates,  pro- 
teins, or  minerals  as  well  as  vitamins. 

A chart  summarizing  the  information  about 
each  vitamin  discussed  in  the  text  should  be 
made.  Pupils  may  also  wish  to  bring  empty 
containers  for  vitamins  from  home  and  make 
an  exhibit  of  them. 

Questions  (Page  192) 

1.  A food  that  contains  vitamins. 

2-3.  Vitamin  A:  important  to  eyes,  to  skin 
inside  mouth  and  throat;  keeps  you  growing 
well.  Butter,  margarine,  carrots,  tomatoes. 

Vitamin  Bi : helps  you  grow;  gives  you 
appetite.  Whole  wheat,  milk,  cheese,  liver, 
spinach. 


Vitamin  C:  prevents  scurvy;  helps  your  body 
heal;  helps  your  body  use  calcium.  Oranges, 
lemons,  grapefruit,  tomatoes,  and  other  fruits 
and  vegetables. 

Vitamin  D:  makes  your  bones  grow  straight 
and  strong;  helps  your  teeth;  prevents  rickets. 
Fish,  liver,  egg  yolks,  and  sunshine. 

4.  They  help  us  know  what  foods  to  eat  to 
keep  our  bodies  in  the  healthiest  possible  con- 
dition. 

5.  No.  You  may  not  need  them,  and  they 
may  do  your  body  more  harm  than  good. 

What  does  water  do  for  your  body? 
(Page  193) 

Concepts 

Your  body  needs  plenty  of  water  to  keep  well. 

a)  Water  makes  up  a large  part  of  your 
blood. 

b)  Water  helps  keep  your  body  at  the 
right  temperature. 

c ) Water  helps  dissolve  the  food  that  is 
taken  into  your  body. 

d ) Water  helps  carry  off  waste  materials 
from  your  body. 

Information  for  the  teacher 

Pictures.  Page  193.  The  pictures  show  how 
much  water  is  obtained  from  fresh  potatoes, 
raspberries,  and  string  beans  when  these  foods 
are  dried. 

Procedure 

Have  the  pupils  discuss  the  pictures  on  page 
193  before  reading  the  page.  Pupils  should  ap- 
ply what  they  learn  to  their  own  diets  and  to 
the  rat  experiment.  For  an  additional  activity, 
see  Things  to  Do , page  203,  No.  5. 

What  habits  will  help  you  get  the 
proper  foods?  (Pages  194-199) 

Concept 

The  proper  amounts  of  the  necessary  foods 
can  be  obtained  by  planning  or  choosing  well- 
balanced  diets. 
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Experiment 

Page  195:  To  separate  the  different  materials 
in  milk. 

Materials:  Bottle  of  milk  (quart),  spoon, 
glass  jar,  egg  beater,  container  for  skim  milk, 
strainer,  salt,  shallow  dish,  source  of  heat. 

Information  for  the  teacher 

Pictures.  Page  194.  Recommended  daily  serv- 
ings of  each  group  are:  1 and  2,  one  or  more; 
3,  two  or  more;  4,  one  quart  for  children  (ice 
cream  may  be  included  in  this  group) ; 5,  one 
to  two  daily  or  one  daily  plus  four  eggs  a week 
(soybeans  included  here  and  in  6) ; 6 and  7, 
some  daily. 

Page  197.  The  girl  is  eating  a well-balanced 
luncheon,  made  up  of  foods  from  five  groups. 

Page  198.  The  lines,  or  growth  curves,  on  the 
graph  show  that  the  rats  have  increased  in 
weight  steadily  over  a period  of  weeks.  Those 
on  a good  diet  have  increased  much  more  in 
weight  than  those  on  a poor  diet.  One  of  the 
rats  on  a good  diet  has  increased  more  than  the 
other.  This  indicates  that  some  other  factor 
may  be  entering  into  their  growth. 

If  the  rat  experiment  was  carried  out  care- 
fully with  these  diets,  the  children  should 
obtain  similar  growth  curves  on  their  graphs. 
Other  physical  differences  that  might  be  noted 
are:  Good  diet — fur  sleek  and  shiny,  eyes 
shiny,  ears  and  noses  pink,  calm  and  friendly; 
poor  diet — fur  rough  and  ragged,  eyes  dull, 
nervous  and  irritable. 

Text.  In  discussing  diets  and  eating  habits, 
the  teacher  must  use  tact  with  regard  to  the 
practices  followed  in  the  children’s  homes.  A 
knowledge  of  the  backgrounds  of  her  pupils 
will  help  in  discussing  the  diet  lists  kept  by  the 
children,  since  she  will,  of  course,  wish  to  avoid 
any  embarrassments  that  might  arise  because 
of  economic  conditions  or  special  food  customs. 

Procedure 

Pupils  are  now  ready  to  understand  the 
“why”  of  the  chart  given  on  page  194.  They 
can  tell  in  each  case  what  a particular  food  does 


for  the  body.  Begin  the  problem  with  a discus- 
sion based  on  the  chart  and  then  have  the  pu- 
pils read  page  194  and  the  first  paragraph  on 
page  195. 

Next  they  should  do  the  experiment  and  re- 
fer to  the  picture  on  page  195.  The  pupils 
should  then  read  down  to  the  last  paragraph 
on  page  196  and  discuss  the  picture. 

An  examination  of  the  list  of  foods  that  have 
been  kept  is  suggested  on  page  196.  Each  pupil 
should  analyze  his  list  and  try  to  decide 
whether  he  is  getting  the  proper  variety  of 
foods.  Pupils  should  be  urged  to  discuss  their 
findings  at  home.  Have  the  children  read  and 
discuss  the  rest  of  the  problem,  using  the  pic- 
ture on  page  197. 

The  basic  outcome  of  this  problem  depends 
on  how  well  the  pupils  translate  what  they 
have  learned  into  action.  A set  of  rules  to  ob- 
serve in  building  good  food  habits  may  be 
made  as  the  result  of  having  studied  this  prob- 
lem. However,  these  rules  are  valuable  only  if 
the  pupils  follow  them  after  the  unit  is  finished. 

The  summarizing  of  the  rat  experiment 
(page  199)  is  very  important.  Pupils  should  be 
urged  to  make  their  conclusions  as  scientific 
as  possible.  The  graph  on  page  198  will  be  very 
useful  in  helping  pupils  check  their  own  find- 
ings. For  additional  activities,  see  Things  to 
Do,  page  203,  Nos.  1-4,  6,  and  7. 

Questions  (Page  199) 

1.  Make  a chart  to  show  what  foods  you 
should  have  and  then  eat  something  from 
each  group  every  day.  Talk  with  your  mother 
or  teacher  about  what  you  are  eating  to  make 
sure  that  you  are  getting  the  right  foods.  Do 
not  spoil  your  appetite  for  the  proper  foods  by 
drinking  pop  and  eating  candy  between  meals. 

2.  Your  body  needs  them  for  growth  and 
health.  Answers  for  the  second  and  third  parts 
will  vary. 

3.  Eat  something  from  each  group  of  foods 
listed  in  the  chart  on  page  194. 

4.  Milk  has  fat,  protein,  carbohydrate,  and 
minerals  in  it,  all  of  which  your  body  needs. 
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5.  Eggs  contain  fat,  protein,  minerals,  vita- 
mins. Candy  is  a fuel  food  but  should  not  be 
substituted  for  other  food.  Whole-wheat  bread 
is  rich  in  vitamin  B,  which  is  body-building 
and  gives  you  an  appetite.  Soup  made  with 
milk  gives  you  some  of  the  milk  you  need  and 
is  good  on  a cold  day.  Vegetables  supply  min- 
erals and  vitamins;  they  should  be  eaten  daily. 

What  does  cooking  do  for  your  food? 
(Pages  199-202) 

Concepts 

1.  Food  is  cooked  to  make  it  easier  to  digest 
and  to  destroy  germs. 

2.  Food  should  be  cooked  in  a wTay  that  will 
preserve  the  vitamins  and  minerals. 

Information  for  the  teacher 

Text.  None  of  the  important  substances  in 
milk  are  substantially  affected  by  pasteuriza- 
tion, except  for  the  loss  of  some  vitamin  Bi 
and  vitamin  C.  Other  foods  in  the  diet  usually 
make  up  for  this  loss.  Home  pasteurization  is 
not  a difficult  process.  It  should  be  encouraged 
where  commercially  pasteurized  milk  is  not 
available. 

Procedure 

The  final  problem  of  this  unit  gives  reasons 
for  cooking  food  and  tells  how  to  cook  foods 
properly.  To  introduce  the  problem,  have  pu- 
pils read  the  title  and  then  tell  what  they  think 
that  cooking  does  for  food.  After  the  discus- 
sion, let  the  pupils  read  the  problem  and  use 
the  pictures  on  pages  200-201  as  a summary. 
The  problem  will  be  made  more  real  if  pupils 
can  actually  observe  food  preparation  in  a do- 
mestic science  class  or  in  the  school  cafeteria. 

Questions  (Page  202) 

1.  To  make  it  more  easily  digested;  to  kill 
germs;  to  give  a better  taste  to  the  food. 

2.  ( a ) Using  a small  amount  of  water  so 
that  fewer  vitamins  and  minerals  dissolve. 
( b ) Using  water  from  vegetables  because  it 
contains  vitamins  and  minerals.  ( c ) Using  beet 
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greens  because  they  contain  many  vitamins. 
{d)  Cooking  potatoes  with  skins  on,  because 
most  of  the  minerals  are  right  under  the  skin; 
when  the  potatoes  are  peeled,  these  minerals 
are  lost.  ( e ) Cooking  vegetables  in  covered 
pans,  because  air  destroys  many  of  the  vitamins. 
(/)  Keeping  vegetables  cool,  because  heat  de- 
stroys some  vitamins. 

3.  It  kills  any  germs  that  may  be  in  it.  Milk 
is  heated  to  145°  F.  and  kept  at  that  tempera- 
ture for  half  an  hour. 

Questions  to  answer  (Page  202) 

Picture.  Sandwiches  can  be  made  of  eggs, 
peanut  butter,  or  cheese.  A covered  jar  in  the 
lunch  box  might  contain  a salad  of  carrots, 
tomatoes,  green  and  leafy  vegetables,  etc.  Milk, 
cocoa  made  with  milk,  or  tomato  juice  should 
be  chosen  rather  than  coffee  or  pop.  Fruit 
should  be  chosen  for  dessert;  cake  added  only 
after  eating  the  basic  seven. 

1.  Fewer  vitamins  are  destroyed  in  canning 
than  in  cooking.  Canning  keeps  out  the  air. 

2.  They  will  help  you  grow  and  be  healthy 
when  you  understand  the  needs  of  your  body. 

3.  Scientists  find  out  what  foods  we  need 
and  what  each  food  does  for  us. 

4.  You  need  food  to  help  your  body  grow 
and  keep  healthy. 

5.  So  that  their  animals  will  be  fat  and 
healthy  and  worth  more  money. 

Things  to  do  (Page  203) 

1-3.  Individual  or  group  activity. 

4.  Consult  elementary  encyclopedias. 

5.  Weigh  fruits  and  vegetables  and  then 
dry  them  slowly  in  hot  air  or  in  the  sun  until 
they  shrivel  and  shrink.  Weigh  them  again  and 
see  how  much  weight  they  have  lost. 

6.  Class  activity. 

7.  If  people  eat  the  proper  foods,  they  not 
only  grow  properly  but  are  kept  from  getting 
certain  diseases.  It  is  better  to  prevent  illness 
than  to  have  to  cure  it  after  it  occurs. 

8.  Individual  or  group  activity.  Other  food 
containers  may  be  used. 


UNIT 


So  Where  Does  All  the  Food  of  the  World  Come  From? 


Purpose  and  scope 

In  the  previous  unit,  pupils  learned  why  they 
need  food.  This  unit  helps  them  to  become 
acquainted  with  the  source  of  their  food.  They 
learn  to  appreciate  the  fact  that  within  the 
green  leaf  all  of  the  food  in  the  world  is  made. 
They  already  know  that  plants  need  air,  water, 
sunlight,  and  a proper  growing  temperature. 
Now  they  will  learn  some  of  the  things  that 
take  place  inside  the  green  leaf  as  it  makes  food. 

A proper  understanding  of  this  unit  is  essen- 
tial for  the  unit  on  gardening  that  concludes 
this  book.  The  unit  also  provides  valuable  back- 
ground material  for  Discovering  Our  World , 
Bool ( Three , Unit  9,  Where  Do  New  Plants 
and  Animals  Come  From? 

Science  background 

Loo\  and  Learn:  Unit  1,  Animals;  Unit  4, 
Outdoors 

All  Around  Us:  Unit  1,  Animals;  Unit  4, 
Plants 

How  Do  We  Know?:  Unit  1,  Animals;  Unit 
3,  Plants 

Discovering  Our  World , Boo\  One : Unit  1, 
How  Are  All  the  Things  of  the  World  Put  in 
Groups?  Unit  2,  Why  Do  All  Living  Things 
Need  Air  and  Water?  Unit  7,  How  Do  You 
Keep  Well?  Unit  8,  How  Do  Animals  and 
Plants  Grow  ? 

Discovering  Our  World,  Boo\  Two:  Unit  1, 
How  Do  Living  Things  Help  and  Harm  Each 
Other?  Unit  5,  What  Are  Things  Made  Of? 
Unit  7,  Why  Do  You  Need  Food? 

General  concepts 

1.  All  the  food  in  the  world  comes  from 
green  plants. 

2.  Green  plants  get  food  materials  from  the 
soil  through  their  roots. 


3.  Green  plants  need  water  and  minerals 
from  the  soil  and  carbon  dioxide  from  the  air 
to  make  food. 

4.  To  make  food,  plants  must  have  a green 
material  called  chlorophyll. 

5.  Green  plants  must  have  sunlight  to  make 
chlorophyll. 

6.  By  means  of  a chemical  change,  a green 
leaf  makes  sugar  from  carbon  dioxide  in  the 
air  and  water  from  the  soil. 

7.  The  chemical  change  takes  place  in  the 
cells  of  the  leaf. 

8.  Green  plants  make  starch,  fats,  and  pro- 
teins as  well  as  sugar. 

9.  The  food  made  by  a green  plant  is  dis- 
solved in  the  sap  and  carried  to  all  parts  of  the 
plant. 

10.  Plants  that  do  not  have  chlorophyll  can- 
not make  food;  they  use  foods  that  have  al- 
ready been  made  by  green  plants. 

Introducing  the  unit  (Pages  205-206) 

Pictures.  Page  204.  Harvesting  wheat. 

Page  205.  The  picture  illustrates  the  so-called 
food  chain.  The  small  fish  at  the  left  is  feeding 
on  a green  plant.  The  larger  fish  that  is  just 
appearing  eats  the  small  fish.  Finally,  the  otter 
catches,  kills,  and  eats  the  larger  fish. 

Procedure 

One  way  to  introduce  this  unit  is  to  list  on 
the  board  the  kinds  of  food  studied  in  the 
previous  unit  and  then  ask  the  pupils  to  try  to 
decide  where  these  kinds  of  food  come  from. 
After  the  discussion,  have  the  pupils  read  the 
introduction  on  pages  205-206.  Ask  them  to  ex- 
plain what  the  picture  on  page  205  shows. 

Another  way  to  introduce  the  unit  is  to  have 
each  pupil  make  a list  of  the  foods  that  he  had 
for  breakfast  or  lunch.  Write  these  things  on 
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the  board.  Now  ask  the  pupils  to  name  the 
things  on  the  board  that  came  from  plants. 
The  first  things  named  will  probably  be  those 
that  obviously  come  from  plants,  such  as  fruits, 
vegetables,  and  cereals.  At  the  pupils’  direction, 
cross  these  off  the  list  on  the  board. 

The  things  that  remain  in  the  list  will  prob- 
ably be  foods  such  as  milk,  cheese,  meat,  and 
so  forth.  Ask  the  pupils  where  these  foods 
come  from.  For  example,  cheese  is  made  from 
milk;  milk  comes  from  cows;  cows  eat  hay 
and  grain,  which  come  from  plants.  At  this 
point,  some  pupil  will  probably  say  that  you 
should  cross  milk,  cheese,  meat,  etc.,  off  the 
list,  too,  because  they  really  come  from  plants. 
(If  no  pupil  says  this,  use  questions  to  draw 
it  out.) 

In  this  way,  proceed  until  all  the  things  in 
the  list  (except  water  and  salt,  if  they  were 
mentioned)  have  been  crossed  off.  The  class  is 
now  ready  to  make  this  conclusion:  “Our  food 
comes  from  plants  or  from  animals  that  eat 
plants.  So  all  the  food  in  the  world  really 
comes  from  plants.”  Pupils  can  then  read  the 
introduction  to  check  their  conclusion. 

How  do  roots  help  plants  get  food 
materials?  (Pages  206-208) 

Concepts 

Green  plants  get  food  materials  from  the  soil 
through  their  roots. 

a)  Plants  have  different  kinds  of  roots. 

b ) Water  and  dissolved  minerals  get  into 

the  roots  through  root  hairs. 

Observations 

Page  206:  To  observe  different  kinds  of  roots. 

Materials:  Various  plants  with  roots  intact. 

Pages  207-208:  To  observe  root  hairs. 

Materials  : Dozen  lima  beans  or  several  rad- 
ish seeds,  moist  blotting  paper,  shallow  dish, 
glass  cover,  magnifying  glass. 

Information  for  the  teacher 

Pictures.  Page  206.  Sugar-beet  root.  The 
main  root,  which  tapers,  may  go  down  into 


the  soil  to  a depth  of  seven  feet.  This  long 
main  root,  together  with  the  large  number  of 
lateral  roots  that  come  from  it,  makes  the  mois- 
ture in  a large  area  available  to  the  plant. 

Page  207.  The  young  corn  plant  has  a main 
root.  This  soon  dies,  giving  place  to  an  exten- 
sive system  of  lateral  roots.  They  usually  ex- 
tend about  three  feet  laterally  and  seven  to 
seven  and  one-half  feet  down.  Later,  so-called 
prop  roots  develop.  They  can  be  seen  in  the 
picture,  growing  from  the  stem  just  above  the 
board.  These  roots  give  additional  support. 

Page  208.  Root  hairs  grow  from  the  outer- 
most cells  of  the  root  back  of  where  the  root 
is  adding  new  cells  and  elongating.  Since  root 
hairs  dry  up  very  quickly,  plants  grown  for 
studying  root  hairs  must  be  kept  moist. 

Text.  The  type  of  root  system  that  a plant 
has  is  a constant  characteristic;  but  the  extent 
may  vary  with  amount  of  moisture,  thickness 
of  stand,  and  other  environmental  conditions. 
Thus,  the  lateral  extent  of  roots  will  be  much 
greater  when  the  plants  are  not  crowded. 
When  plants  are  crowded,  the  roots  of  indi- 
vidual plants  will  turn  and  grow  downward 
when  they  come  to  another  plant.  Moisture 
affects  the  growth,  too.  Where  there  is  much 
rainfall  and  the  rain  sinks  down  deep  in  the 
soil,  the  roots  extend  farther  down.  Where 
there  is  very  little  rainfall  or  seasonal  moisture, 
the  roots  spread  out  laterally  through  the  upper 
layers  of  soil  where  the  moisture  is. 

Procedure 

Ask  the  pupils  to  bring  to  class  roots  of  var- 
ious plants,  such  as  grass,  dandelion,  garden 
vegetable,  etc.  Also  have  the  pupils  start  the 
observation  with  the  seeds  described  on  page 
207  so  that  the  roots  may  be  observed  later. 

Let  the  pupils  examine  the  roots  of  the  plants 
that  they  have  brought  and  also  the  root  hairs 
of  the  sprouted  seeds.  After  the  observations 
have  been  made,  have  the  pupils  study  pages 
206-208,  look  at  the  pictures,  and  discuss  their 
reading  and  observations.  Then  observe  the 
root  hairs  again  to  summarize.  See  also  Things 
to  Do,  page  219,  Nos.  1 and  6. 
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Questions  (Page  208) 

1.  Until  they  dissolve,  they  cannot  get  into 
the  root  hairs. 

2.  The  root  hairs. 

3.  The  plant  will  die  from  lack  of  water. 

How  do  water  and  air  get  into  the 
leaves?  (Pages  209-211) 

Concepts 

1.  Green  plants  need  water  and  minerals 
from  the  soil  and  one  of  the  gases  from  the 
air  to  make  food. 

a)  Water  and  dissolved  minerals  get  from 
the  roots  to  the  leaves  through  tubes  in  the 
stems  and  leaves. 

b)  Air  gets  into  the  plant  through  tiny 
openings  in  the  leaves. 

2.  To  make  food,  plants  must  have  a green 
material  called  chlorophyll. 

Experiment 

Page  209:  To  see  how  water  travels  up  the 
stem  of  a plant. 

Materials:  Stalk  of  celery  with  several 
leaves,  knife,  glass  of  water,  red  ink. 

Information  for  the  teacher 

Pictures.  Page  209.  The  “strings”  are  the 
fibrovascular  bundles  of  the  stem.  These  are 
really  groups  of  cells  consisting  of  fibers  that 
strengthen  the  stem,  as  well  as  the  cells  through 
which  water  and  other  materials  are  carried. 
As  the  picture  indicates,  the  bundles  are  buried 
in  the  stem  so  that  in  an  older  celery  stalk,  the 
red  may  not  be  visible  from  the  outside  of  the 
stalk.  Cutting  a cross  section  or  breaking  the 
stem  will  reveal  these  bundles. 

Page  210.  The  tiny  openings  shown  in  the 
picture  on  the  left  are  called  stomata  (singular 
stoma),  or  breathing  pores.  They  are  located  in 
the  outermost  layer,  or  epidermis,  of  the  leaf. 
The  two  cells  surrounding  the  opening  are 
called  the  guard  cells.  These  cells  cause  the 
stomata  to  open  and  close  by  becoming  more 
or  less  turgid.  In  the  epidermis  of  the  leaf,  the 


guard  cells  of  the  stomata  are  the  only  cells 
that  contain  chlorophyll.  This  is  further  shown 
in  the  diagram  on  page  213. 

Stomata  are  exceedingly  small,  very  much 
smaller  than  the  hole  made  by  punching  the 
finest  sewing  needle  through  a piece  of  paper. 
But  the  tremendous  number  of  them  compen- 
sates for  their  small  size.  There  may  be  more 
than  60,000  to  a square  inch  on  the  average 
leaf.  Most  of  the  stomata  are  usually  on  the 
lower  surface  of  the  leaf;  but  in  some  plants 
they  are  on  both  surfaces.  In  water  plants 
whose  leaves  float  on  the  water,  the  stomata 
are  on  the  upper  surface  only. 

The  skeleton  of  a leaf  such  as  the  one  on 
the  right  is  made  by  the  fibrovascular  bundles 
of  the  leaf.  They  carry  water  and  foods  and 
support  the  leaf. 

Procedure 

Have  the  pupils  perform  the  experiment 
described  and  pictured  on  page  209.  After  a 
short  time,  the  celery  stalk  should  look  very 
much  like  the  one  in  the  picture  at  the  top  of 
the  page.  The  lower  picture  shows  the  tubes 
in  the  celery  stalk.  Let  the  pupils  examine  the 
celery  stalk  and  draw  their  own  conclusion 
about  how  water  gets  into  the  leaves.  The 
pupils  should  now  read  the  last  two  paragraphs 
on  page  209  and  find  the  veins  in  the  leaf  pic- 
tured at  the  right  on  page  210. 

Now  let  the  children  study  the  first  two 
paragraphs  on  page  210  and  examine  the  pic- 
ture at  the  left.  Pronounce  the  word  chloro- 
phyll or  have  the  pupils  find  its  pronunciation 
in  Science  Words.  Be  sure  that  the  pupils  un- 
derstand that  “green  plants”  mean  plants  that 
have  chlorophyll. 

The  five  statements  at  the  end  of  the  prob- 
lem summarize  what  the  children  should  now 
know.  For  an  additional  activity,  see  Things  to 
Do,  page  219,  No.  2. 

Questions  (Page  211) 

1.  Water  and  minerals  from  the  soil,  one 
of  the  gases  in  the  air. 
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2.  Through  root  hairs  into  tubes  in  the  roots 
and  then  into  tubes  in  the  stem,  up  these  tubes 
to  a leaf,  and  through  veins  in  the  leaf. 

3.  Through  tiny  openings  in  the  leaf. 

4.  The  liquid  was  only  in  the  tubes. 

5.  To  carry  water  and  minerals  to  the  leaves. 

6.  By  leaving  the  stems  in  green  water  for  a 
while. 

How  does  a green  leaf  make  food? 
(Pages  211-214) 

Concepts 

1.  Green  plants  must  have  sunlight  to  make 
chlorophyll. 

2.  By  means  of  a chemical  change,  a green 
leaf  makes  sugar  from  carbon  dioxide  in  the 
air  and  water  in  the  soil. 

3.  The  chemical  change  takes  place  in  the 
cells  of  the  leaf. 

4.  Green  plants  make  starch,  fats,  and  pro- 
teins as  well  as  sugar. 

Experiment 

Page  212:  To  show  that  plants  need  sunlight 
to  make  chlorophyll. 

Materials:  Two  plants  about  the  same  size. 

Information  for  the  teacher 

Pictures.  Page  212.  The  plants  on  the  right 
show  the  typical  growth  reaction  to  lack  of  sun- 
light. They  grow  long  and  straggly,  too  weak 
to  stand  erect,  and  lack  green  color.  These 
plants  are  living  off  food  stored  in  the  cotyle- 
dons. They  cannot  make  their  own  food,  so 
will  die  as  soon  as  the  stored  food  is  gone. 

Page  213.  The  picture  on  the  left  shows  the 
veins,  or  fibrovascular  bundles,  as  they  appear 
when  the  leaf  is  cut  across.  On  the  right  is  part 
of  the  cut  end  greatly  magnified  to  show  the 
cells  that  make  up  the  upper  and  lower  epi- 
dermis (outermost  layers),  the  bundles,  and 
the  chlorophyll-bearing  cells  of  the  leaf. 

Text.  The  process  described  in  this  problem 
is  called  photosynthesis.  It  is  a complicated 
process  involving  a series  of  chemical  changes 
as  yet  incompletely  understood  by  scientists. 


Only  the  basic  ideas  are  presented  here.  No 
distinction  is  made  between  the  various  types 
of  sugar  made  by  plants,  such  as  grape  sugar, 
sugar  from  sugar  beets,  from  sugar  cane,  etc. 

Procedure 

Have  the  pupils  start  the  experiment  de- 
scribed and  pictured  on  page  212  at  least  a week 
before  this  problem  is  introduced.  As  an  intro- 
duction to  the  problem,  let  the  pupils  read  and 
discuss  the  three  paragraphs  on  page  211.  Re- 
call the  experiment  with  sugar  (pages  130-131) 
and,  if  necessary,  repeat  the  experiment.  Then 
have  the  class  observe  the  results  of  the  experi- 
ment on  page  212  and  draw  conclusions. 

The  pupils  are  now  ready  to  read  and  dis- 
cuss the  rest  of  the  problem,  using  the  pictures 
on  page  213.  The  first  paragraph  on  page  213 
introduces  the  concept  of  cells,  which  is  basic 
to  an  understanding  of  all  living  things.  No 
attempt  should  be  made  at  this  time  to  extend 
the  concept  beyond  its  immediate  application. 

Questions  (Page  214) 

1.  Sugar  is  being  made  from  carbon  dioxide 
and  water  and  then  changed  to  other  foods. 

2.  Water  supplies  hydrogen  and  oxygen  for 
making  sugar  and  carries  dissolved  minerals. 
Sunlight  enables  the  chemical  change  that 
makes  sugar  to  take  place.  Veins  carry  water 
from  the  stem  through  the  leaves.  T uhes  in  the 
stem  carry  water  from  the  roots  to  the  leaves. 
Air  supplies  carbon  dioxide  for  making  sugar. 

3.  When  carbon  dioxide  and  water  combine 
to  make  sugar,  a new  material  is  made. 

4.  It  does  not  get  enough  sunlight  to  make 
chlorophyll. 

5.  Fungus  on  page  24  or  page  28.  It  has  no 
chlorophyll. 

What  becomes  of  the  food  made  by  a 
green  leaf?  (Pages  214-216) 

Concepts 

The  food  made  by  a green  plant  is  dissolved 
in  the  sap  and  carried  to  all  parts  of  the  plant. 
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a)  Some  of  the  food  is  used  for  growing 

and  making  new  parts. 

b ) Some  of  the  food  is  stored  in  roots, 

stems,  and  seeds  and  used  later. 

Information  for  the  teacher 

Picture.  Page  214.  The  sap  for  making  maple 
sugar  is  collected  in  the  late  winter  or  early 
spring.  After  it  has  been  collected,  it  is  put  into 
large  iron  kettles  and  boiled  steadily  for  several 
days.  Water  and  a scum  that  forms  on  the  top 
are  skimmed  off  until  finally  only  the.  sugar  is 
left.  It  is  made  into  cakes,  which  harden  at 
once.  Travel  Magazine , March  1946,  and  Natu- 
ral History  Magazine , March  1946,  have  inter- 
esting illustrated  accounts  of  this  process. 

Procedure 

Let  the  pupils  try  to  answer  the  question 
asked  in  the  problem  title  before  reading  the 
text.  Have  them  recall  how  their  bodies  use 
food  and  how  food  is  carried  to  all  parts  of 
their  bodies.  The  picture  on  page  214  gives  a 
hint  as  to  the  answer. 

The  diagram  on  page  215  illustrates  the 
essential  ideas  in  this  problem.  Let  the  pupils 
study  the  diagram  and  try  to  explain  what  it 
shows.  Then  have  them  read  the  first  three 
paragraphs  to  check  their  explanation.  After 
this,  they  should  read  and  discuss  the  rest  of 
the  problem.  The  last  two  paragraphs  on  page 
216  stress  the  basic  concept  underlying  the 
whole  unit.  Use  the  concluding  question  in  the 
last  paragraph  to  clinch  the  understanding  of 
this  concept. 

Questions  (Page  216) 

1.  Yes.  The  other  animals  eat  plants  and 
would  starve  without  them. 

2.  Answers  may  include:  roots  (carrots, 
beets,  etc.);  stems  (asparagus,  white  potatoes, 
etc.) ; leaves  (lettuce,  spinach) ; flowers  (cauli- 
flower, broccoli);  seeds  (beans,  peas,  etc.). 

3.  Sap  carries  it  through  tubes  to  all  parts 
of  the  plant. 

4.  Food  in  the  plant  is  changed  chemically 
by  the  plant  to  produce  wood  fibers,  and  by 


animals  that  eat  plants  to  produce  milk,  meat, 
and  leather. 

5.  It  feeds  the  new  plants  inside  the  seeds 
when  they  begin  to  grow;  it  is  used  as  food 
by  people  and  animals. 

How  do  plants  that  are  not  green  get 
food?  (Pages  216-218) 

Concept 

Plants  that  do  not  have  chlorophyll  cannot 
make  food;  they  use  food  that  has  already  been 
made  by  green  plants. 

Observation 

Page  217:  To  see  how  molds  get  food  and 
grow. 

Materials  : Piece  of  bread,  two  dishes,  dusty 
cloth,  water. 

Information  for  the  teacher 

Pictures.  Page  217.  The  typical  bread  mold, 
Rhizopus.  The  green  mold  usually  found  on 
lemons  and  oranges  may  also  appear.  The 
method  of  obtaining  food  is  the  same  although 
the  structure  of  the  mold  is  different. 

Page  218.  Indian  pipes,  widely  found  in 
damp,  rich  woods.  They  are  saprophytes;  that 
is,  they  derive  their  food  from  decaying  plant 
and  animal  matter  in  the  soil. 

Page  219.  Fairy  ring  mushrooms. 

Procedure 

The  pupils  already  have  some  information 
about  non-green  plants  from  Unit  1,  pages 
24,  27-28.  Let  them  recall  what  they  already 
know  and  then  follow  the  directions  for  grow- 
ing mold  on  page  217.  They  should  read  the 
text  to  get  information  about  mold  itself.  Have 
them  contrast  green  plants  with  non-green 
plants  with  respect  to  things  that  each  can  or 
cannot  do.  For  additional  activities,  see  Things 
to  Do,  page  219,  Nos.  3 and  4. 

Questions  (Page  218) 

1.  Answers  may  include:  fruit,  bread,  cheese, 
other  foods,  wood,  leather,  etc. 
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2.  Yes.  Old  materials  are  destroyed,  and  new 
ones  are  formed. 

3.  They  do  not  have  chlorophyll  that  makes 
the  chemical  change  possible.  They  use  food 
that  green  plants  make  and  store.  Some  of  the 
plants  are  eaten  by  animals.  When  the  plants 
and  animals  die  and  fall  to  the  ground,  mush- 
rooms grow  on  the  decaying  plant  and  animal 
material  in  the  soil. 

Questions  to  answer  (Page  219) 

1.  No.  Water  must  enter  through  the  roots. 

2.  If  the  root  hairs  are  destroyed,  the  plant 
will  not  be  able  to  get  water. 

3.  Plants  cannot  make  food  without  sun- 
light, and  they  make  all  the  food  in  the  world. 

4.  Answers  should  include  information  on 
pages  211-214. 

5.  Their  energy  comes  from  green  plants, 
which  obtained  energy  from  the  sun. 

6.  Several  feet  away.  The  root  hairs  near  the 
ends  of  the  roots  take  in  the  water. 


Things  to  do  (Page  219) 

1.  Do  not  cover  the  seeds  with  water  or  let 
them  dry  out.  Use  a magnifying  glass  to  see 
the  root  hairs. 

2.  If  plants  are  placed  in  the  sunlight,  results 
will  be  more  satisfactory. 

3.  Individual  or  group  activity.  Molds, 
mushrooms,  Indian  pipes,  etc.,  may  be  col- 
lected, depending  on  the  location  and  season. 

4.  Individual  or  group  activity.  Mold  or 
mildew,  which  is  a kind  of  mold,  can  be  found 
on  food,  damp  cloth,  leather,  or  other  mate- 
rials, and  on  plants.  (Lilac  leaves  often  show 
a dusty  coating  which  is  mildew.) 

5.  When  leaves  spread  out  so  that  each  leaf 
can  get  the  maximum  amount  of  light,  they 
are  said  to  be  forming  a mosaic.  Vines  on 
houses  and  walls  oft;en  offer  excellent  examples 
of  this. 

6.  A thick,  central  root,  such  as  the  sugar 
beet  on  page  206,  or  the  carrot,  turnip,  or  dan- 
delion is  a taproot. 


UNIT 


How  Can  You  Make  a Garden? 


Purpose  and  scope 

This  unit  provides  an  opportunity  to  learn  at 
first  hand  how  we  grow  plants  for  our  own 
use.  As  previously  learned  concepts  are  applied 
and  new  information  is  acquired,  pupils  come 
to  understand  the  importance  of  proper  care 
for  growing  plants.  The  problems  of  the  gar- 
dener are  seen  to  be  much  like  those  of  the 
farmer.  From  this  realization  comes  a better 
appreciation  of  the  importance  of  farming. 

Pupils  will,  of  course,  derive  far  more  pleas- 
ure and  profit  from  the  unit  if  they  actually 
make  a garden  at  school  or  at  home.  The  ac- 
tivity of  making  a garden  may  be  carried  on 
by  the  class  as  a group  or  as  individuals.  As 
the  study  of  the  unit  progresses,  pupils  should 


apply  what  they  have  learned  to  their  gardens. 
If  a garden  plot  is  not  available  at  school  or  at 
home,  it  may  be  possible  for  pupils  to  observe 
a garden  in  the  community.  The  teacher  may 
be  able  to  enlist  the  interest  of  the  owner  so 
that  pupils  can  share  in  planning  a garden 
even  though  they  cannot  plant  one.  Visits  to 
the  garden  should  then  be  made  as  the  unit 
is  studied. 

Science  background 

Loo\  and  Learn:  Unit  4,  Outdoors 
All  Around  Us:  Unit  4,  Plants 
How  Do  We  Know?:  Unit  3,  Plants 
Discovering  Our  World,  Boo\  One:  Unit  1, 
How  Are  the  Things  of  the  World  Put  in 
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Groups?  Unit  2,  Why  Do  All  Living  Things 
Need  Air  and  Water?  Unit  8,  How  Do  Ani- 
mals and  Plants  Grow? 

Discovering  Our  World , Boo\  Two:  Unit  1, 
How  Do  Living  Things  Help  and  Harm  Each 
Other?  Unit  8,  Where  Does  All  the  Food  o£ 
the  World  Come  From? 

General  eoncepts 

1.  A good  garden  is  carefully  planned. 

2.  Soil  must  be  prepared  for  planting. 

3.  Seeds  are  planted  in  different  ways,  de- 
pending on  the  plant  to  be  grown. 

4.  Growing  plants  must  be  given  care. 

5.  Plants  must  be  protected  from  their 
enemies. 

Introducing  the  unit  (Page  221) 

In  many  classes,  there  will  be  some  pupils 
who  have  made  a garden  or  seen  one  made. 
Ask  them  to  tell  the  class  such  things  as  the 
location  of  the  garden,  its  size,  kinds  of  plants 
grown,  and  care  given  to  the  plants.  They  may 
also  mention  some  of  the  tools  they  used. 

Then  have  the  pupils  read  and  discuss  page 
221.  Let  them  try  to  decide  why  each  rule  is 
important.  It  is  a good  idea  to  copy  the  rules 
on  a big  piece  of  paper,  as  suggested  in  the 
last  paragraph.  A committee  may  bring  seed 
catalogues  and  gardening  books  to  school. 

How  can  you  plan  a garden? 

(Pages  222-224) 

Concepts 

A good  garden  is  carefully  planned. 

a)  It  should  not  be  too  big  to  take  care  of 
properly. 

b ) It  should  not  produce  more  than  can 
be  used. 

c ) It  should  be  located  in  a sunny  spot 
with  good  soil. 

Experiment 

Pages  223-224:  To  show  how  different  kinds 
of  soil  hold  water. 


Materials  : Three  lamp  chimneys,  three 
pieces  of  cloth,  string,  three  cups,  six  glasses, 
water,  sand,  clay,  loam. 

Information  for  the  teacher 

Many  pamphlets,  bulletins,  and  articles  are 
available  to  help  teachers  carry  out  the  projects 
suggested  in  this  unit.  Many  states  have  gar- 
dening bulletins  that  will  provide  information 
on  local  crops  and  conditions.  An  excellent 
bulletin  for  methods  in  general,  published  by 
the  United  States  Department  of  Agriculture, 
is  called  “Growing  Vegetables  in  Town  and 
City.”  (See  Bibliography  for  method  of  obtain- 
ing it.)  Magazines  such  as  Better  Homes  and 
Gardens , American  Home,  Country  Gentle- 
man, and  the  Farm  Quarterly  should  be 
watched  for  articles  and  pictures  to  illustrate 
different  aspects  of  gardening  and  farming. 

Procedure 

This  problem  contains  the  necessary  infor- 
mation for  planning  a garden.  Pupils  may  ob- 
tain additional  information  from  seed  cata- 
logues and  gardening  books  as  suggested  in 
the  introduction  to  the  unit.  Let  the  children 
study  and  discuss  the  text  down  to  the  experi- 
ment on  page  223.  Then  they  should  perform 
the  experiment  and  draw  their  conclusions. 
The  text  may  then  be  read  to  check  their 
results. 

After  studying  the  diagrams  on  page  224 
and  reading  the  last  paragraph,  the  pupils 
should  draw  plans  for  their  gardens.  The  plans 
may  then  be  discussed  by  the  class  and  revised 
if  necessary. 

Questions  (Page  224) 

1.  So  you  will  not  start  a bigger  garden  than 
you  can  finish;  so  you  will  not  plant  too  much 
of  one  thing;  so  that  you  will  choose  a sunny 
spot  with  good  soil. 

2.  If  you  start  a large  garden  and  cannot 
take  care  of  it,  you  will  waste  time  and  money; 
planting  too  much  of  one  thing  also  wastes 
seed,  soil,  and  effort;  using  good  seed  on  bad 
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soil  wastes  the  seed  because  the  plants  will 
not  grow  properly. 

3.  Look  for  a place  where  the  sun  will  shine 
on  it  all  day  and  where  the  soil  is  mostly  loam. 

4.  If  there  is  water  in  the  soil  when  you  start 
the  experiment,  you  cannot  tell  how  much  of 
the  water  in  the  soil  at  the  end  of  the  experi- 
ment came  from  the  glass  of  water  and  how 
much  was  already  there.  Also,  all  three  soils 
must  be  alike  in  everything  but  kind  of  soil. 

5.  It  holds  water  better  than  sand  and 
drains  better  than  clay. 

How  do  we  get  the  soil  ready  for 
planting?  (Pages  225-228) 

Concepts 

Soil  must  be  prepared  for  planting. 

a)  It  must  be  loosened  and  broken  up  so 
that  seeds  can  be  planted  and  so  that  moisture 
will  soak  in. 

b ) Poor  soil  can  be  improved  by  making 
it  more  like  loam. 

c ) Lime  or  limestone  can  be  used  to  make 
soil  less  acid. 

d)  Minerals  can  be  put  back  in  the  soil 
by  using  fertilizer  or  rotating  crops. 

Experiments 

Page  226:  To  find  out  whether  soil  is  acid. 
Materials:  Moist  soil,  blue  litmus  paper. 
Page  227:  To  see  what  happens  when  fer- 
tilizer is  used. 

Materials:  Two  flowerpots  filled  with  worn- 
out  soil,  seeds,  fertilizer. 

Information  for  the  teacher 

Many  different  kinds  of  commercial  fertilizer 
are  available.  The  label  tells  what  the  fertilizer 
contains.  So-called  all-purpose  fertilizer  usually 
has  a high  percentage  of  nitrogen,  phosphorus, 
and  potassium,  elements  lacking  in  most  soils. 

Clover,  alfalfa,  soybeans,  cowpeas,  beans,  and 
peas  belong  to  the  group  of  plants  known  as 
legumes.  These  plants  put  nitrogen  back  into 
the  soil  because  of  certain  kinds  of  bacteria 
that  grow  in  little  swellings,  or  nodules,  on 
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their  roots.  The  bacteria  (called  nitrogen- 
fixing)  in  these  nodules  are  able  to  take  nitro- 
gen from  the  air  and  in  some  way  make  it  into 
a form  that  the  plant  can  use.  When  the  plant 
dies  and  decays,  this  nitrogen  is  returned  to  the 
soil  in  the  form  of  ammonia  or  nitrates.  Other 
plants  can  use  the  nitrogen  in  these  forms. 
In  this  way,  nitrogen  from  the  air,  which  most 
plants  are  unable  to  use,  is  made  available  to 
many  plants.  Alternating  or  rotating  a legumi- 
nous crop  with  other  crops  helps  keep  up  the 
nitrogen  supply  in  the  soil.  Farmers  often  in- 
oculate their  legume  seeds  with  cultures  of  the 
bacteria  to  insure  a good  growth  of  nodules. 

Procedure 

The  experiment  on  page  227  should  be  set 
up  and  allowed  to  continue  as  the  study  of  the 
unit  progresses. 

Let  the  pupils  read  and  discuss  the  text  down 
to  the  experiment  on  page  226.  Soil  for  the 
experiment  can  usually  be  obtained  from  low, 
swampy  land.  After  doing  the  experiment  with 
acid  soil,  the  children  should  read  and  discuss 
the  rest  of  the  problem.  Have  them  recall  from 
the  preceding  unit  and  earlier  science  experi- 
ments the  way  in  which  minerals  get  into 
plants  (through  the  roots  after  dissolving  in 
water  in  the  soil). 

Pupils  should  not  be  expected  to  remember 
what  the  various  elements  do  for  plants.  The 
important  idea  is  that  different  elements  help 
plants  in  different  ways.  Fertilizer  and  crop  ro- 
tation help  put  these  elements  back  in  the  soil. 
For  additional  activities,  see  Things  to  Do , 
page  245,  Nos.  1 and  9. 

Questions  (Page  228) 

1.  It  is  easier  to  plant  seeds;  water  soaks 
into  the  ground  more  easily. 

2.  Mix  some  clay  and  humus  with  it  to  make 
it  more  like  loam. 

3.  To  make  the  soil  less  acid. 

4.  All  the  time  that  they  are  growing.  When 
the  plants  die  and  decay  in  the  soil. 

5.  What  kind  of  fertilizer  and  how  much 
the  soil  needs. 


6.  Ali\e:  Both  grow  plants  and  require  simi- 
lar care.  Different:  Farm  is  much  larger;  usu- 
ally has  fewer  crops;  uses  larger  machines. 

How  do  we  plant  a garden? 

(Pages  229-232) 

Concepts 

Seeds  are  planted  in  different  ways,  depend- 
ing on  the  plant  to  be  grown. 

a ) They  should  be  planted  in  straight 
rows  far  enough  apart  so  that  the  plants  can 
be  taken  care  of  easily. 

b ) They  should  be  planted  at  different 
depths,  depending  on  the  size  of  the  seeds. 

c ) They  should  be  planted  at  different 
times,  depending  on  the  kind  of  seed. 

d ) Some  seeds  should  be  started  early  in 
a greenhouse,  hotbed,  or  cold  frame;  the 
young  plants  can  then  be  transplanted  to  the 
garden. 

Information  for  the  teacher 

Transplanting  should  be  done  under  condi- 
tions that  will  prevent  wilting  as  much  as  pos- 
sible. A cloudy  day  or  evening  are  the  best 
times  for  transplanting.  If  the  soil  is  dry,  wet 
the  hole  thoroughly  before  putting  the  plant 
in.  However,  care  must  be  taken  that  the  soil 
is  not  muddied  or  it  will  cake  when  it  is 
pressed  down  around  the  plant. 

Procedure 

If  the  pupils  are  actually  making  a garden, 
they  should  study  this  problem  very  carefully 
to  get  information  about  planting  it.  The  pic- 
tures show  very  clearly  some  of  the  ways  of 
planting  the  garden  with  care.  If  possible,  the 
pupils  should  visit  a greenhouse,  as  suggested 
in  Things  to  Do,  page  245,  No.  2.  A hotbed  or 
a cold  frame  may  easily  be  made  by  following 
the  directions  on  page  231  and  referring  to  the 
, picture.  An  old  storm  window  or  other  window 
sash  makes  a good  cover.  Every  child  should, 
if  possible,  have  the  experience  of  transplanting 
a young  plant.  For  an  additional  activity,  see 
Things  to  Do,  page  245,  No.  4. 


Questions  (Page  232) 

1.  No,  because  the  seeds  should  be  planted 
at  different  depths. 

2.  Lettuce,  beets.  Cucumbers,  beans,  corn. 

3.  ( a ) Greenhouse,  which  is  a building  with 
glass  walls  and  roof  and  heated  by  the  sun  or 
a furnace.  When  the  sun  shines,  it  warms  the 
soil,  which  warms  the  air  and  keeps  the  plants 
growing.  ( b ) Hotbed,  a frame  with  a glass 
cover  in  which  are  soil  and  manure.  The  soil 
is  heated  by  the  sun  and  by  the  manure  as  it 
decays.  ( c ) Cold  frame,  similar  to  a hotbed, 
but  without  manure. 

4.  Take  up  the  plant  with  enough  soil 
around  the  roots  so  that  you  will  not  injure 
the  root  hairs;  make  a hole  in  the  soil,  put  in 
the  plant,  and  pack  the  soil  down  firmly. 

How  do  we  take  care  of  growing 
plants?  (Pages  233-238) 

Concepts 

Growing  plants  must  be  given  care. 

a)  Plants  in  rows  must  be  thinned  to  give 
each  plant  plenty  of  room  to  get  sun,  water, 
and  minerals. 

b)  Trees  and  other  plants  can  be  pruned 
so  that  the  branches  that  are  left  will  get 
more  sunlight  and  water. 

c ) Cultivating  the  soil  gets  rid  of  weeds, 
lets  air  down  to  the  roots  of  plants,  allows 
water  to  soak  into  the  soil,  and  helps  keep 
water  from  getting  out  of  the  soil. 

d ) The  soil  must  be  watered,  irrigated,  or 
drained  according  to  whether  it  is  too  dry 
or  too  wet. 

Experiments 

Pages  235-236:  To  see  how  cultivating  helps 
keep  the  soil  from  drying  out. 

Materials  : Garden  soil,  flour  sieve,  two  lamp 
chimneys,  flat  pan,  water. 

Pages  237-238:  To  show  what  happens  when 
plants  get  too  much  water. 

Materials:  Two  flowerpots  just  alike  with 
holes  in  bottoms,  small  stones,  two  plants  just 
alike,  soil,  water,  cork  to  fit  hole  in  pot. 
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Procedure 

This  problem  gives  information  essential  to 
the  care  of  growing  plants.  The  pupils  should 
study  the  text  and  the  pictures  carefully  for 
the  practical  information  that  they  give.  If 
possible,  the  pupils  should  also  observe  an  ex- 
perienced gardener  as  he  trims  and  prunes 
plants,  weeds,  etc. 

The  experiment  on  pages  235-236  should  be 
performed  and  conclusions  drawn.  The  next 
experiment,  pages  237-238,  should  be  set  up  be- 
fore the  problem  is  studied  so  that  observations 
may  be  made  at  this  time. 

If  irrigation  or  dry  farming  is  practiced  in 
the  community,  a field  trip  to  see  how  it  is 
done  would  be  valuable.  See  also  Things  to  Do , 
page  245,  No.  7. 

Questions  (Page  238) 

1.  If  they  are  too  close  together,  none  can  get 
enough  sunlight,  water,  and  minerals. 

2.  You  will  get  bigger  tomatoes.  Pinch  off 
the  little  shoots,  or  suckers,  that  grow  out  where 
the  big  leaves  come  from  the  stem. 

3.  Sunlight,  water,  minerals,  and  oxygen. 
By  planting  in  a sunny  place,  thinning,  water- 
ing, fertilizing,  and  cultivating. 

4.  To  get  rid  of  weeds  that  keep  plants  from 
getting  enough  sunlight,  water,  and  minerals. 
To  let  air  down  to  the  roots  so  that  plants  can 
get  oxygen.  To  let  water  into  the  soil  and  keep 
it  there  so  that  plants  can  get  water. 

5.  When  the  soil  is  too  full  of  water,  air  can- 
not get  to  the  roots.  The  roots  rot,  and  the 
plants  die. 

6.  By  using  ditches  or  tile  to  carry  off  the 
water. 

How  are  plants  protected  from  their 
enemies?  (Pages  239-244) 

Concepts 

Plants  must  be  protected  from  their  enemies. 

a)  Weeds  can  be  destroyed  by  pulling 

them  up,  by  destroying  their  seeds,  cultivat- 
ing the  soil,  or  using  chemicals. 


b ) Birds  are  protectors  of  plants,  because 
they  eat  weed  seeds  and  harmful  insects. 

c ) Insect  pests  can  be  killed  by  different 
poisons,  depending  on  how  they  eat. 

d ) Plants  must  be  protected  from  certain 
fungi  that  give  them  diseases. 

Observations 

Page  241:  To  see  how  a sucking  insect  eats. 
Materials:  Plant  with  aphids  on  it,  magni- 
fying glass. 

Information  for  the  teacher 

Pictures.  Page  239.  These  weeds  may  have 
different  common  names  in  different  localities. 
Some  of  the  alternative  names  are: 

Crab  grass : Finger  grass,  Crowfoot  grass, 
Pigeon  grass,  Polish  millet. 

Field  sorrel : Sheep  sorrel,  Red  sorrel,  Sour 
weed,  Cow-sorrel,  Horse  sorrel. 

Plantain : Common  plantain,  Birdseed  plan- 
tain, Broadleaf  plantain,  Dooryard  plantain, 
Greater  plantain,  Roundleaf  plantain. 
Purslane:  Pursley,  Pussley,  Purslain. 

Quac\  grass:  Couch  grass,  Witch  grass, 
Wheat  grass,  Knot  grass,  Skutch  grass. 

Shepherd's  purse:  English  shepherd’s  bag, 
Lady’s  purse,  Rattle  pouches,  Case  weed, 
Pepper-and-salt,  Blind  weed. 

Page  240.  Weed  and  insect-destroying  birds. 
Bobwhite  quail:  Called  quail  in  the  north 
and  partridge  in  the  south.  It  eats  insects  when 
young  and  weed  seeds  when  adult. 

Eastern  goldfinch:  Also  called  Yellow  bird, 
Thistle  bird,  Wild  canary,  Catnip  bird,  Lettuce 
bird,  Shiner,  Peet  bird,  Salad  bird,  or  American 
goldfinch.  In  winter  it  feeds  on  weed  seeds  and 
in  summer  adds  several  harmful  insects  such 
as  plant  lice,  canker  worms,  small  grasshop- 
pers, and  beetles  to  its  diet  of  seeds  of  dande- 
lions, thistles,  ragweed,  and  other  weeds. 

Blac\-capped  chickadee:  Also  called  Com- 
mon chickadee,  Eastern  chickadee,  Black- 
capped  titmouse,  Black-capped  tit.  It  eats  both 
insects  and  seeds  but  a larger  proportion  of 
insects.  These  include  several  very  harmful  in- 
sects such  as  the  eggs  of  the  tent  caterpillar, 
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eggs  and  adults  of  plant  lice,  and  weevils  of 
several  kinds. 

Western  meadowlar\:  Also  called  Common 
meadowlark,  Field  lark  of  the  west,  Lark  of  the 
west.  It  is  found  in  the  western  United  States 
east  to  the  prairie  districts  of  the  Mississippi 
Valley,  in  Minnesota,  Iowa,  Missouri,  Okla- 
homa, and  Texas.  Its  food  consists  largely  of 
harmful  insects,  such  as  grasshoppers  and  the 
caterpillars  of  other  pests.  It  eats  the  seeds  of 
many  harmful  weeds,  too. 

Tree  sparrow:  Also  called  Snow  chippy, 
Winter  chip-bird,  Winter  chippy,  Tree  bunt- 
ing, Canada  sparrow,  Arctic  chipper,  Winter 
sparrow.  It  is  found  in  eastern  North  America. 
In  winter,  it  goes  as  far  south  as  South  Caro- 
lina, Tennessee,  and  Oklahoma.  This  bird  de- 
stroys enormous  numbers  of  weed  seeds.  Sci- 
entists have  estimated  that  tree  sparrows  eat 
about  875  tons  of  weed  seeds  a year  in  an  agri- 
cultural state  about  the  size  of  Iowa.  It  gets  its 
wintry  names  from  the  fact  that  it  spends  the 
winters  in  the  temperate  zone  and  may  often 
be  seen  feeding  on  the  weeds  that  stick  up 
above  the  snow. 

Cardinal:  Also  called  Redbird,  Cardinal 
grosbeak,  Crested  redbird,  Virginia  nightin- 
gale, Virginia  cardinal,  Kentucky  cardinal,  Car- 
dinal bird.  It  is  found  in  the  eastern  United 
States  as  far  north  as  southern  New  York  State; 
sometimes  as  far  north  as  Maine  or  Massachu- 
setts in  the  east,  and  Michigan  and  Wisconsin 
in  the  middle  west;  west  through  northern  Illi- 
nois to  southern  Iowa  and  the  edge  of  the 
Great  Plains;  south  to  Georgia,  Alabama,  and 
the  upland  regions  of  the  Gulf  States.  It  is  a 
very  valuable  bird  in  insect  and  weed  control. 
Among  the  harmful  insects,  it  eats  the  Colo- 
rado potato  beetle,  the  periodical  cicada,  cotton 
worm,  scale  insects,  zebra  caterpillar  of  the 
cabbage,  cucumber  beetle,  corn-ear  worm,  cot- 
ton cutworm,  codling  moth,  boll  weevil,  and 
others.  It  also  eats  seeds  of  a number  of  weed 
pests. 

Page  241.  Chewing  insects  do  not  have  teeth. 
They  have  hard  jaws  with  a toothed  edge  for 
chewing  and  grinding.  The  actual  sizes  of  the 


insects  shown  in  this  picture  are  approximately 
as  follows:  Colorado  potato  beetle,  % in.; 
striped  cucumber  beetle,  % in.;  green  cater- 
pillar, 1 in.;  bean-leaf  beetle,  %6  in.;  malaria 
mosquito,  % to  1 in.  depending  on  species; 
squash  bug,  % in.;  potato-plant  aphid,  % in.; 
dog-day  cicada,  2 in.;  grape-leaf  hopper,  % in. 

Page  242.  Tent  caterpillars  are  chewing  in- 
sects. They  are  widely  found  on  wild  cherry, 
chokecherry,  or  apple  trees.  The  adult  lays  the 
eggs  in  the  fall.  The  caterpillars  hatch  in  the 
spring.  They  soon  spin  the  huge  web,  or  tent, 
usually  in  the  fork  of  a tree.  All  the  caterpillars 
from  one  lot  of  eggs  remain  together  in  this 
tent  until  they  are  nearly  full-grown.  It  acts  as 
a shelter  from  which  they  emerge  to  feed  when 
it  is  not  too  cool. 

Page  245.  Tomato  horn  worm.  A widely  dis- 
tributed insect  that  does  much  damage  in  some 
areas. 

Text.  An  excellent  pamphlet  that  shows  the 
important  pests  of  vegetable  garden  plants  and 
gives  methods  of  control  is  “A  Victory  Gar- 
dener’s Handbook  on  Insects  and  Diseases” 
published  by  the  United  States  Department  of 
Agriculture.  (See  Bibliography.)  Your  state 
department  of  agriculture  will  probably  have 
bulletins  also. 

The  teacher  should  stress  the  fact  that  DDT 
must  be  used  carefully  and  according  to  direc- 
tions. Indiscriminate  use  under  improper  condi- 
tions can  prove  dangerous  to  people  and  ani- 
mals. Certain  basic  precautions  should  be 
observed,  especially  when  using  DDT  in  the 
home:  Keep  it  away  from  food;  avoid  inhaling 
it;  keep  it  away  from  open  flames  and  avoid 
smoking  when  spraying  with  it — there  is  a fire 
hazard;  be  careful  not  to  spill  the  oil  solution 
on  the  skin,  but  wash  at  once  if  you  do;  never 
use  the  oil  solution  on  animals;  do  not  use  it  in 
any  form  on  cats;  remove  canaries  and  goldfish 
from  the  room  while  spraying. 

Procedure 

This  problem  gives  pupils  an  opportunity  to 
extend  and  apply  information  learned  in  Unit 
1,  How  Do  Living  Things  Help  and  Harm 
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Each  Other?  Have  pupils  recall  this  informa- 
tion. If  necessary,  they  should  reread  pages  22, 
28,  29,  30,  31,  32. 

Then  have  the  children  study  the  text  and 
examine  the  pictures,  which  will  help  them 
learn  to  recognize  common  weed  and  insect 
pests  as  well  as  helpful  birds.  Be  sure  to  stress 
the  fact  that  many  insect  poisons  are  also  poi- 
sonous to  people,  pets,  and  farm  animals.  Pu- 
pils may  wish  to  watch  an  experienced  gar- 
dener use  insect  poisons.  They  can  discuss 
with  him  how  to  decide  which  poison  to  use 
and  how  to  use  it.  For  additional  activities,  see 
Things  to  Do,  page  245,  Nos.  3,  5,  6,  8,  10, 
and  11. 

Questions  (Page  244) 

1.  Weeds  keep  plants  from  getting  enough 
sunlight,  water,  and  minerals.  Pulling  them 
out,  cultivating,  using  chemicals,  protecting 
birds  that  eat  weed  seeds. 

2.  Where  they  live,  what  they  eat,  where 
they  lay  their  eggs,  how  they  change  as  they 
grow.  Scientists  must  know  these  things  so  that 
they  will  know  how,  where,  and  when  the 
insects  can  successfully  be  killed. 

3.  Suck  sap;  eat  leaves. 

4.  Cucumber  beetle,  cabbage  worm,  potato 
beetle:  stomach  poison.  Aphid:  contact  poison. 

5.  It  kills  both  sucking  and  chewing  insects 
but  does  not  harm  people,  pets,  or  farm  ani- 
mals. 

6.  By  eating  weed  seeds  and  insects. 

Questions  to  answer  (Page  244) 

1.  Answers  individual  but  should  show  use 
of  concepts  taught  in  the  unit. 

2-3.  Answers  will  vary.  Write  to  the  state 
agricultural  college  or  the  department  of  agri- 
culture. 

4.  They  would  probably  not  be  so  success- 
ful, for  gardeners  and  farmers  could  not  know 
what  was  lacking  in  the  soil,  how  to  improve 
it,  how  to  control  weeds,  insects,  and  plant 
diseases. 

5.  Yes,  because  the  fish  would  decay  and  pro- 
vide minerals  for  the  plants. 


6.  Sour  clay:  add  sand  or  ashes,  humus,  and 
lime  or  limestone.  Sandy:  mix  clay  and  humus 
with  it. 

7.  North  so  that  the  tall  corn  plants  would 
not  shade  the  other  plants. 

Things  to  do  (Page  245) 

1.  Growing  plants  without  soil  is  known  as 
hydroponics  or  soilless  culture.  Information 
may  be  found  under  this  heading  in  encyclo- 
pedias or  books  on  growing  plants. 

2 and  4.  Individual  or  group  activities. 
Two  trips  might  be  made.  Or  if  time  and 
opportunity  are  limited,  both  of  these  activities 
might  be  combined  in  one  trip  by  careful  plan- 
ning. 

3.  Many  state  departments  of  agriculture 
have  bulletins  describing  the  common  weed 
and  insect  pests  of  the  state. 

5.  Individual  or  group  activity.  A scrapbook 
or  exhibit  can  be  made  of  the  articles. 

6.  Many  magazines  have  articles  on  DDT. 
A librarian  will  help  the  children  find  them 
with  the  help  of  the  Readers’  Guide  to  Period- 
ical Literature. 

7.  Write  to  the  United  States  Weather  Bu- 
reau or  the  Soil  Conservation  Service  for  such 
a map. 

8.  See  Bibliography  for  books  that  will  help 
in  identification  of  birds  and  tell  about  their 
feeding  habits. 

9.  Individual  or  group  activity.  Pictures  of 
farm  machines  are  plentiful  in  many  of  the 
common  magazines.  They  may  also  be  ob- 
tained from  farm  equipment  manufacturers. 
The  uses  can  be  learned  by  consulting  encyclo- 
pedias or  a good  dictionary. 

10.  Consult  encyclopedias,  high-school  biol- 
ogy or  botany  texts.  In  the  encyclopedias,  the 
information  may  be  under  the  heading  of  plant 
diseases  or  fungi. 

11.  See  6 above  for  sources  of  information. 
Articles  on  weed  killers  will  cover  this  chem- 
ical. When  sprayed  on  broad-leaved  plants,  it 
kills  even  their  roots.  It  is  especially  good  for 
lawns  and  for  certain  farm  crops  because  it  will 
not  harm  grasses,  corn,  sugar  cane,  etc. 
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Part  Four  MATERIALS  AND  SOURCES 


Care  of  Living  Things  in  the  Classroom 


Animals 

General  suggestions.  Quarters.  Provide 
roomy  and  comfortable  quarters  for  every  ani- 
mal— aquaria  and  terraria  (see  below)  for  land 
and  water  forms;  cages  of  screen,  hardware 
cloth,  or  other  material  for  mammals,  insects 
(see  below),  etc.  The  cage  must  be  cleaned 
daily,  or  a diseased  pet  will  result.  The  cage 
should  have  a removable  bottom  for  cleaning 
facilities  and  stationary  containers  for  food  and 
water.  Line  cage  with  newspapers  or  other  ma- 
terial that  may  be  destroyed.  Provide  sleeping 
quarters  such  as  straw  or  a comfortable  box. 

Water.  Provide  with  fresh  water  daily. 

Feeding.  Feed  daily.  Most  wild  animals 
must  be  trained  to  eat  in  new  living  quarters. 
Patience  is  necessary.  Try  to  imitate  the  living 
conditions  of  the  animal  as  they  were  in  its 
natural  environment.  Remove  surplus  food 
after  animal  has  eaten.  Provide  plenty  of  food; 
the  animal  will  not  overfeed.  There  is  no  more 
pitiful  spectacle  than  half-starved  animals  in  a 
laboratory. 

Delicate  animals  such  as  guinea  pigs  should 
be  fed  twice  daily  and  at  regular  times.  Early 
morning  and  late  evenings  are  best.  On  Fri- 
days provide  enough  to  last  over  Sunday.  Cold- 
blooded animals  such  as  frogs,  lizards,  swifts, 
turtles,  etc.,  do  not  require  as  much  food  as 
warm-blooded  animals.  One  feeding  a day  is 
ample.  A large  feeding  every  other  day  is  suffi- 
cient in  most  cases.  In  aquaria  do  not  leave 
uneaten  food  to  foul  the  water. 

Vary  diet  to  prevent  weakness  and  disease. 
The  following  food  list  is  suggested. 

Snails:  Lettuce  leaves,  aquatic  plants,  pow- 
dered meat,  powdered  cuttlefish  bone. 


Fishes:  Prepared  fish  food,  chopped  beef, 
particles  of  earthworms. 

Salamanders  and  lizards:  Flies,  earthworms, 
chopped  beef,  liver. 

Frogs:  Diet  varies  with  kind  of  frog.  In- 
sects, fruit  flies,  roaches,  earthworms,  lar- 
vae, chopped  beef,  very  small  strips  of 
liver,  etc. 

Turtles:  Overripe  fruit,  lettuce,  clover,  car- 
rots, strips  of  liver. 

Sna\es:  Small  frogs,  mice,  lizards,  beef,  liver, 
chicken  scraps. 

Rats  and  mice:  Table  scraps,  cheese,  wheat 
flour  paste  mixed  with  milk,  pinch  of  salt 
and  lime,  dried  yeast,  lean  meat,  lettuce. 

Guinea  pigs  and  rabbits:  Plenty  of  succu- 
lent green  vegetables — at  least  body  weight 
daily.  Carrots,  turnips,  dry  sweet  hay, 
clover,  different  grasses,  dry  grain,  apples 
and  apple  parings,  apple  cores,  pear  peel- 
ings, tomatoes  (for  rabbits,  twigs  with  bark 
for  gnawing  occasionally),  water  cress, 
wheat  and  oat  shoots. 

The  insect  cage.  Grow  some  plants  from 
seed-corn,  wheat,  clover,  grass,  etc.,  in  a large 
pot  of  earth,  or  transplant  weeds  or  other 
plants  suitable  as  food  for  the  insects  to  be  kept. 
Press  a large  lamp  or  lantern  chimney  into  the 
soil,  fitting  the  plants  inside  it.  A small  con- 
tainer of  water  should  also  be  fitted  inside  the 
chimney.  Place  the  insects  inside  the  chimney 
and  close  the  top  with  wire  screening  or  mos- 
quito netting.  When  the  insects  have  eaten 
the  food  within  the  container,  move  it  to  a new 
pot  of  plants. 

Ant  colonies.  It  is  not  difficult  to  establish 
ant  colonies  for  observation.  The  Lubbock  ant 
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nest  is  well  adapted  for  use  in  the  schoolroom 
since  it  shows  all  the  tunnels  and  chambers. 
Such  a nest  may  be  obtained  from  one  of  the 
scientific  supply  houses  listed  on  page  95  of  the 
Guideboo\.  It  is  not  necessary,  however,  to 
purchase  an  observation  ant  nest,  as  one  similar 
to  the  Lubbock  nest  can  easily  be  constructed. 

Obtain  two  pieces  of  glass  about  twelve 
inches  square.  Lay  one  piece  of  glass  flat  on  a 
table  and  glue  one-quarter-inch  strips  of  wood 
around  three  edges,  using  water  glass  or  glass 
cement.  On  the  fourth  side  leave  two  openings. 
(These  openings  may  be  made  by  using  three 
short  pieces  of  wood  instead  of  a long  one. 
Put  one  piece  at  each  end  of  the  fourth  side 
and  one  in  the  middle.  This  will  leave  two 
openings.)  After  the  glue  is  dry,  fill  the  frame 
with  a mixture  of  sifted  loam  and  sand,  leav- 
ing a space  in  the  center  for  the  ant  colony  and 
spaces  near  the  two  openings  in  the  frame, 
which  are  to  be  plugged  later  to  keep  the  ants 
from  getting  out. 

Ant  colonies  may  be  found  beneath  logs  or 
stones,  or  in  underground  nests  in  gardens  and 
lawns.  When  a colony  has  been  found,  look 
carefully  for  a queen  or  two.  The  queen  can  be 
identified  by  her  large  size.  (The  National 
Geographic  Magazine  for  August  1943  gives 
the  life  of  ants  and  shows  in  pictures  the  dif- 
ferent ant  forms.)  With  a trowel,  scrape  up  a 
queen  and  as  many  of  the  other  ants,  eggs,  and 
larvae  as  possible  and  take  them  home  in  a 
glass  jar  with  a tightly  screwed  lid.  Place  the 
ants  in  the  center  space  left  in  the  ant  nest. 
Then  glue  on  the  top  piece  of  glass.  In  one  of 
the  holes  in  the  frame  place  a small  sponge, 
which  must  be  kept  wet,  as  ants  cannot  be  left 
without  moisture.  The  other  hole  is  for  food. 
Bind  all  the  edges  with  glass  adhesive  tape. 
Then  plug  the  two  holes  with  removable  stop- 
pers. Feed  the  ants  from  time  to  time,  dropping 
bits  of  meat,  bread,  grains,  sugar,  drops  of 
honey,  and  dried  insects  into  the  food  hole. 
Keep  the  frame  covered  to  exclude  all  light  for 
a day  or  two.  By  then,  the  colony  will  be  estab- 
lished and  can  be  observed. 


The  aquarium.  A square  or  oblong  tank 
aquarium  is  the  best  type  that  can  be  had. 
Lacking  that,  the  ingenious  teacher  will  find 
many  good  substitutes,  such  as  large-mouthed 
battery  jars  and  fruit  jars.  Globes  are  not  as 
desirable  as  other  types,  for  they  distort  the 
appearance  of  animals  and  break  easily.  Thor- 
oughly clean  sand,  natural  objects  that  are 
found  in  streams  (such  as  attractively  colored 
pebbles  that  have  been  shaped  by  water  ac- 
tion), and  the  proper  kinds  of  plants  and  ani- 
mals are  the  materials  necessary  for  stocking 
an  aquarium.  A small  net,  rubber  tubing  for 
a siphon,  and  long-handled  forceps  are  desir- 
able. 

Setting  up  the  aquarium.  Clean  the  con- 
tainer thoroughly.  Put  in  a one-  to  two-inch 
layer  of  clean  sand.  Place  the  aquarium  where 
it  is  to  stay  permanently.  The  most  desirable 
place  is  one  where  it  will  not  receive  much  di- 
rect sunlight,  but  plenty  of  diffused  light,  such 
as  near  a north  window. 

The  close  observer  in  the  field  will  need  no 
special  instruction  as  to  the  types  of  plants  de- 
sirable for  the  aquarium.  Eel  grass,  water  mil- 
foil, pond  weed,  water  cress,  and  certain  kinds 
of  algae  can  be  collected  from  the  habitat 
where  they  are  growing  and  placed  in  the  tank 
to  grow  under  similar  conditions.  The  florist  or 
pet  shop  can  furnish  such  cultivated  varieties 
as  vallisneria,  sagittaria,  elodea,  ludwigia,  etc. 

In  arranging  the  plants  and  natural  objects, 
try  to  make  them  resemble  a natural  pond.  An- 
chor each  plant  in  the  sand  at  the  bottom  of 
the  aquarium  by  embedding  about  an  inch  of 
the  base  of  the  stem  and  placing  pebbles 
around  the  base.  The  upper  part  of  the  plant 
can  then  be  allowed  to  lie  flat  on  the  sand,  as 
it  will  straighten  to  an  upright  position  when 
the  water  is  put  in. 

Place  a large  piece  of  paper  over  the  plants 
and  the  sand,  and  siphon  the  water  gently  in 
on  top  of  it.  The  paper  will  prevent  displacing 
the  sand  as  the  water  is  poured  in  and  should 
be  removed  when  the  aquarium  has  filled. 
Use  water  from  a spring  or  clear  stream,  as  tap 
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water  often  contains  chemicals  that  are  harm- 
ful to  animal  life.  Let  the  aquarium  stand  for 
several  days  until  the  plants  adjust  themselves. 
Then  put  in  the  animals. 

A good  caution  is  not  to  overstock  the  tank. 
The  fish  rule  is  “one  inch  of  fish  to  one  gallon 
of  water.”  This  does  not  include  insects,  tad- 
poles, etc.,  the  number  of  these  depending 
upon  the  size  of  the  aquarium.  An  average 
amount  of  animals  for  one  gallon  of  water  is 
one  one-inch  fish,  one  tadpole,  one  snail,  and 
several  water  insects.  Goldfish  should  not  be 
used  in  a school  aquarium  unless  native  types 
cannot  be  obtained.  Use  familiar  animals  that 
have  been  collected  by  the  children,  if  possible. 
Some  native  fish  that  thrive  in  an  aquarium 
are  catfish,  mud  minnows,  sticklebacks,  and 
perch.  Snails  of  the  common  fresh-water  type 
are  desirable  as  scavengers.  Clams  and  fresh- 
water mussels  should  be  used  if  possible.  One 
is  usually  sufficient  for  an  average  tank.  Very 
small  turtles  (one  inch  in  diameter  across  the 
back)  may  be  used.  They  must  be  well  fed 
so  that  they  will  not  disturb  other  animals. 
Rocks  projecting  out  of  the  water  must  be 
provided  for  turtles,  so  that  they  can  get  above 
the  water  to  breathe.  Bullfrog  tadpoles  and 
newts  or  salamanders  may  be  taken  from 
springs  and  streams.  Desirable  insects  are  drag- 
onfly nymphs,  back  swimmers,  water  boatmen, 
water  striders,  and  whirligig  beetles. 

Feeding.  Feed  sparingly,  once  a day  on  the 
average,  and  remove  excess  food  as  soon  as  the 
animals  have  eaten.  Prepared  fish  food  of  sev- 
eral types  is  easy  to  use  and  suits  many  animals. 
A worm  suspended  on  a string  is  a good 
change  of  diet.  Small  flies,  water  plants,  and 
other  natural  foods,  noted  by  observing  ani- 
mals’ habits,  should  be  provided.  See  the  food 
list  on  page  90. 

Caution : Watch  the  aquarium  closely.  The 
water  may  have  to  be  changed  often  at  first. 
Animals  use  the  oxygen  of  the  water  for 
breathing,  while  plants  use  the  carbon  dioxide 
which  is  a waste  product  of  animal  life.  Plants 
make  oxygen.  In  this  way  the  balance  of 
aquarium  life  is  maintained.  Do  not  over- 


feed animals.  Remove  dead  animals  and  plants 
immediately. 

Plants 

Pots  and  window  boxes.  Temperature.  A 
daytime  temperature  of  65-70  degrees  and  a 
night  temperature  of  55-60  degrees  is  desirable 
in  the  schoolroom  for  normal  plant  growth. 
When  the  outside  temperature  is  excessively 
low,  protect  the  plants  from  freezing  by 
placing  newspapers  between  them  and  the 
windowpanes. 

Water.  Water  the  plants  only  when  they 
need  it — when  the  soil  is  dry.  Enough  water 
should  be  given  at  one  time  to  wet  the  soil  to 
the  bottom  of  the  pots.  Then  wait  until  the  soil 
is  dry  before  watering  again.  Sprinkle  the 
leaves  thoroughly  once  a week  in  order  to 
keep  them  free  of  dust  and  soot  (with  the  ex- 
ception of  African  violets,  whose  leaves  should 
not  be  wet). 

Pests.  Plants  are  frequently  attacked  on  the 
underside  of  the  leaves  by  small  green  lice, 
mealy  bugs,  and  scales,  which  are  lice  with 
hardened  outer  coverings.  To  rid  the  plants 
of  lice  and  mealy  bugs,  wipe  the  under  parts 
of  the  leaves  with  soapy  water  made  with  a 
mild  soap.  Scales  can  be  removed  only  by  using 
a toothpick  or  dull,  pointed  knife  to  lift  them. 
Then  wash  the  affected  parts  with  soap  solu- 
tion. 

The  terrarium.  A moisture-tight  container 
such  as  was  used  in  the  aquarium  work  is  best 
suited  to  terrarium  construction.  It  should  be 
either  square  or  rectangular  because  of  the  bet- 
ter view  afforded.  If  the  straight-sided  type 
cannot  be  had,  any  glass  jar  or  container  may 
be  used.  The  larger  ones  are  more  desirable. 
Use  a piece  of  plain  window  glass  for  a cover. 

Almost  any  plant  that  grows  in  the  local  en- 
vironment may  be  raised  successfully  by  simply 
noting  its  growing  conditions  and  reproducing 
them  as  nearly  as  possible  in  the  terrarium. 
Delicate  plants  that  would  die  in  a few  days 
otherwise  may  be  made  to  live  for  long  periods 
in  a properly  regulated  terrarium.  The  secret 
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of  success  lies  in  controlling  the  moisture  by 
means  of  a tight  glass  cover.  Plants  which 
require  little  or  no  moisture  may  be  kept  in 
containers  with  screen  covers,  or  with  glass 
covers  and  the  presence  of  little  moisture. 

The  terrarium  should  be  placed  where  it  will 
receive  plenty  of  light  and,  if  possible,  a little 
early  morning  sunlight.  Care  must  be  taken 
that  it  does  not  receive  enough  direct  sunlight 
to  make  the  plants  “scald”  because  of  too  high 
temperatures.  A northeast  window  is  ideal  for 
the  average  terrarium.  The  desert  type  should 
be  placed  where  it  will  receive  plenty  of  sun- 
light for  most  of  the  day.  Place  the  container  in 
the  location  where  it  is  to  stay  and  leave  it,  as 
continual  moving  of  the  container  is  bad  for 
both  plants  and  animals. 

Ordinary  room  temperatures  are  suitable  for 
plants  and  animals  usually  found  in  the  vicin- 
ity. If  the  temperature  of  the  schoolroom  falls 
very  low  over  weekends,  very  little  success  can 
be  expected.  An  average  nightly  temperature 
of  50  degrees  and  a daytime  temperature  of  75 
degrees  will  give  good  results. 

One  of  several  kinds  of  habitats  may  be  es- 
tablished in  the  terrarium,  but  only  a few  of 
the  most  common  types  will  be  discussed  here. 
Establish  first  those  that  match  the  environ- 
ment near  the  school  and  those  with  which  the 
pupils  are  most  familiar.  Others  may  be  estab- 
lished to  show  different  conditions  as  interest 
grows. 

Woodland  type.  In  the  bottom  of  the  con- 
tainer, place  a layer  of  sand  or  coarse  gravel 
about  an  inch  and  one-half  thick.  On  top  of 
this,  place  a layer  of  loose  rich  humus  from  the 
forest  floor.  On  field  trips  with  the  children, 


select  small  plants  that  are  found  growing  in 
the  deep  woods.  Place  in  this  miniature  wood- 
land such  animals  as  may  live  there.  A small 
salamander  (land  type)  and  two  small  toads 
will  make  a good  collection.  A small  snake 
may  be  added  if  desired.  Keep  the  soil  moist, 
but  do  not  allow  the  water  to  stand  for  long 
periods  of  time.  Feed  the  animals  with  small 
insects  such  as  house  flies,  worms,  and  small 
strips  of  liver.  Keep  the  terrarium  covered  with 
glass.  Exclude  most  direct  rays  of  sunlight. 

Marsh  type.  Place  a layer  of  gravel  on  a 
slope,  so  that  it  will  be  about  four  inches  high 
at  one  end  and  about  one  inch  at  the  other. 
Cover  this  layer  with  rich,  moist  earth  from  a 
bog.  Put  in  plants  that  require  much  moisture 
— mosses  (sphagnum  is  good),  small  clumps  of 
marsh  grass,  and  similar  plants.  Place  water 
plants  (see  directions  for  aquarium),  and  put 
about  two  inches  of  water  in  the  lower  end. 
Animals  such  as  small  turtles,  a small  fish 
or  two,  a tadpole,  small  frogs,  etc.,  will  com- 
plete the  animal  life.  Feed  as  directed  on  page 
90  and  keep  covered. 

Desert  type.  Construct  this  type  of  ter- 
rarium when  a study  of  conditions  prevailing 
in  very  dry  countries  is  desirable.  Use  coarse 
gravel  covered  with  sand  as  a base.  Place  small 
cactus  plants  of  various  types  in  natural  posi- 
tions. Cover  the  roots  completely.  Water  very 
sparingly  once  every  two  or  three  weeks,  as  the 
plants  tend  to  decay  if  watered  too  often.  Keep 
a small  pan  of  water  in  one  corner  for  the  ani- 
mals to  drink  from.  Animals  such  as  horned 
toads  and  fence  lizards  may  be  kept  success- 
fully. Feed  as  directed  on  page  90.  Cover  the 
terrarium  with  screen  wire. 
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List  of  Materials 


The  materials  needed  for  the  experiments  and  observations  described  in  the  pupil’s  book  are 
listed  below.  Many  of  the  items  may  be  brought  from  home  by  the  pupils.  Some  may  be  bor- 
rowed from  upper-grade  science  rooms.  Others  may  be  bought  locally  in  ten-cent  stores,  drug 
stores,  hardware  stores,  pet  shops,  feed  stores,  florist  shops,  greenhouses,  etc.  It  may  be  necessary 
to  order  a few  items  from  supply  houses.  These  items  are  printed  in  heavy  black  type. 


QUANTITY 

ITEM 

QUANTITY 

ITEM 

_ 

Acids:  1 cup  vinegar,  1 lemon 

1 

Ferris  wheel,  toy 

1 tbs. 

Alcohol 

Vl  cup 

Fertilizer 

1 piece 

Aluminum 

1 

Flour  sieve 

1 

Auger 

4 

Flower  pots,  2 of  them  alike 

Spoonful 

Baking  powder 

- 

Food  for  rats 

2 tsp. 

Baking  soda 

- 

Foods  containing  fats 

1 

Balloon,  toy  rubber 

- 

Foods  containing  starch 

1 

Basketball  or  volleyball 

4 pieces 

Glass:  1 — 6 by  12  inches,  1 — 6 inch 

1 

Bicycle  pump 

square 

1 piece 

Blotting  paper 

1 foot 

Glass  tubing  to  fit  hole  in  cork 

8 

Boards:  2 — any  size;  1 — thin,  2 feet 

6 

Glasses  (tumblers) 

long;  1 — 3 feet  long,  3 inches 

1 

Hammer  with  tack  puller 

wide;  1 — smooth,  4 feet  long,  6 

- 

Honeycomb 

inches  wide;  1 — 8 feet  long,  6 

2 

Hooks  or  nails 

inches  wide;  1 — 1 inch  thick,  6 

- 

Ice  or  other  means  of  cooling 

inches  wide;  1 about  1 foot  long 

1 bottle 

Ink,  red 

1 

Bottle,  small-mouthed 

Few  drops 

Iodine 

2 

Boxes,  small,  same  size 

Spoonful 

Iron  filings 

1 

Box,  wooden  (larger  than  chalk  box) 

Spoonful 

Iron,  powdered 

4 slices 

Bread,  each  fresh 

Piece 

Iron,  rusty 

1 

Bunsen  burner  (or  other  heat) 

5 

Jars,  glass:  2 with  covers 

1 piece 

Butter 

1 

Knife 

2 or  more 

Cages  for  rats 

3 

Lamp  chimneys 

4 

Candles  (2  inches  high),  1 paraffin 

1 cup 

Limewater 

2 pieces 

Cardboard:  1 — 6 inches  square,  1 — 

Strips 

Litmus  paper,  blue 

V/i  feet  by  8 inches 

2 

Magnets,  bar 

1 stalk 

Celery  with  several  leaves 

1 

Magnifying  glass 

1 

Chicken  bone,  slender 

1 box 

Matches 

1 

Clamp,  metal  screw-type 

2 pieces 

Metal,  thin  and  flat 

1 cup 

Clay 

1 doz. 

Metal  balls  or  shot 

4 pieces 

Cloth  (about  6-8  inches  square) 

2 quarts 

Milk 

1 quart 

Container  that  can  be  heated 

1 

Motor,  toy 

50  feet 

Cord,  strong 

2 doz. 

Nails:  2 small,  several  small  iron, 

1 

Cork  (to  fit  test  tube) 

1 doz.  medium,  1 large 

1 

Crowbar  or  strong  wooden  stick 

Few  drops 

Oil  or  grease 

3 

Dishes:  2 shallow,  1 to  be  heated 

1 

Orange 

2 

Dry  cells 

1 

Orange  squeezer 

1 

Egg  beater 

1 

Pail  or  basket 

- 

Elements:  iron,  copper,  lead,  etc. 

4 

Pans:  2 just  alike,  1 iron,  1 flat 
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QUANTITY 

ITEM 

QUANTITY 

ITEM 

1 piece 

Paraffin 

1 

Spring  balance 

1 doz. 

Pencils,  round 

1 tsp. 

Starch 

1 

Penny  or  other  coin 

1 

Stopper  with  hole  in  center 

About  10 

Plants:  2 the  same  size,  2 the  same 

1 

Strainer 

size  and  kind,  1 with  aphids,  sev- 

6  feet 

String,  medium  heavy 

eral  with  different  kinds  of  roots 

2 tbs. 

Sugar 

2 

Pulley  blocks  (with  2 wheels) 

2 tbs. 

Sulphur,  powdered 

2 

Pulleys 

2 

Supports  (about  1 foot  high) 

4 

Rats,  white  (same  age  and  size) 

1 box 

Tacks 

1 tsp. 

Salt 

1 

Test-tube  holder 

Small  box 

Sand 

3 

Test  tubes 

1 

Saw 

2 

Thermometers 

1 tsp. 

Sawdust,  coarse 

1 

Wagon,  toy 

1 

Scales 

Several 

Weights:  stones,  sand,  books,  etc. 

1 

Scissors 

6 feet 

Wire,  copper  (3  feet  covered) 

1 

Screw  eye 

30  pieces 

Wood:  2 rough;  2 smooth;  3 narrow, 

2 doz. 

Seeds,  1 doz.  bean  or  radish 

for  water  wheel  and  for  support;  3 

1 sq.  ft. 

Sod,  dry 

small,  to  make  pulley;  3 for  wheel 

3-4  quarts 

Soil,  1 cup  loam 

and  axle;  1,  3-sided  block  2 inches 

2 

Spools,  strong 

high;  12  splinters 

Supply  Houses 


Biological  Supply  Company,  1176  Mt.  Hope  Avenue,  Rochester  7,  N.  Y. 

Cambosco  Scientific  Company,  37  Antwerp  Street,  Boston  35,  Mass. 

Carolina  Biological  Supply  Company,  Elon  College,  North  Carolina. 

Central  Scientific  Company,  1700  Irving  Park  Road,  Chicago  13,  111.;  441  Clinton  Avenue,  New- 
ark 8,  N.  J.;  79  Amherst  Street,  Cambridge  42,  Boston,  Mass. 

Chicago  Apparatus  Company,  1735  N.  Ashland  Avenue,  Chicago  22,  111. 

Clay-Adams  Company,  44  East  23rd  Street,  New  York  10,  N.  Y.  (models,  charts) 
Denoyer-Geppert  Company,  5235  Ravenswood  Avenue,  Chicago  40,  111.  (models,  charts) 

Eimer  and  Amend,  633  Greenwich  Avenue,  New  York  14,  N.Y. 

General  Biological  Supply  House,  761-763  East  69th  Place,  Chicago  37,  111. 

Heil  Corporation,  210  South  4th  Street,  St.  Louis  2,  Mo. 

Marine  Biological  Laboratory,  Woods  Hole,  Mass. 

Millard-Heath  Company,  325  Olive  Street,  St.  Louis  2,  Mo. 

New  York  Scientific  Supply  Company,  28  West  30th  Street,  New  York  1,  N.Y. 

A.  J.  Nystrom  & Company,  3333  N.  Elston  Avenue,  Chicago  18,  111.  (charts) 

Oregon  Biological  Supply  Company,  303  N.E.  Multnomah,  Portland  12,  Ore. 

Scientific  Supplies  Company,  122  Jackson  Street,  Seattle  4,  Wash. 

Standard  Science  Supply  Company,  1232  N.  Paulina  Street,  Chicago  22,  111. 

Standard  Scientific  Supply  Corporation,  34-38  West  4th  Street,  New  York  12,  N.Y. 

Tricker,  William,  Inc.,  Tanglewood  Drive,  Independence,  Ohio;  Saddle  River,  N.  J. 

Ward’s  Natural  Science  Establishment,  Inc.,  3000  Ridge  Road,  East,  Rochester  9,  N.Y’. 

Welch  (W.  M.)  Scientific  Company,  1515  N.  Sedgwick  Street,  Chicago  10,  111. 
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Visual  Aids 


American  Museum  of  Natural  History,  Central  Park  West  at  79th  Street,  New  York  24,  N.  Y. 
Loans  teachers  silent  and  sound  films,  lantern  slides,  and  cased  collections. 

Association  Films  (Y.M.C.A.  Motion  Picture  Bureau)  : 347  Madison  Avenue,  New  York  17,  N.  Y.; 
19  South  LaSalle  Street,  Chicago  3,  III;  3012  Maple  Avenue,  Dallas  4,  Texas;  351  Turk  Street, 
San  Francisco  2,  Calif. 

Bray  Studios,  Inc.,  729  Seventh  Avenue,  New  York  19,  N.  Y.  Films  on  many  subjects. 

Bristol-Meyers  Co.,  Educational  Dept.,  630- C 5th  Avenue,  New  York  20,  N.  Y.  Wall  chart  show- 
ing teeth  and  their  care. 

L.  W.  Brownell,  176  East  32nd  Street,  Paterson,  N. }.  Slides  on  birds,  mammals,  reptiles,  insects, 
botany. 

Encyclopaedia  Britannica  Films,  Inc.,  20  North  Wacker  Drive,  Chicago  6,  111.  Films  on  all  subjects. 
(Has  libraries  formerly  belonging  to  Eastman  and  Erpi.) 

Films,  Incorporated,  Education  Department:  330  West  42nd  Street,  New  York  18,  N. Y.;  611 
Tillamook  Street,  Portland  12,  Ore.;  64  East  Lake  Street,  Chicago  1,  111.;  101  Marietta  Street, 
Atlanta  3,  Ga.;  109  North  Akard  Street,  Dallas  1,  Texas. 

General  Electric  Company,  Educational  Service  Division,  Publicity  Department,  1 River  Road, 
Schenectady  5,  N.  Y.  Write  for  catalog.  Motion  pictures  distributed  through  local  offices. 

Keystone  View  Company,  Meadville,  Pa.  Lantern  slides  for  courses  in  biology. 

Metropolitan  Life  Insurance  Company,  1 Madison  Avenue,  New  York  10,  N.  Y.  Films  on  medi- 
cine, nutrition,  safety. 

National  Audubon  Society,  1000  Fifth  Avenue,  New  York  28,  N.  Y.  Lantern  slides  of  North 
American  birds  and  mammals. 

New  York  University  Film  Library,  26  Washington  Place,  New  York  3,  N.  Y. 

Santa  Fe  Film  Bureau,  1401  Railway  Exchange  Bldg.,  80  East  Jackson  Blvd.,  Chicago  4,  111.  Films 
on  canyons  in  the  west  and  on  locomotives.  Free. 

Society  for  Visual  Education,  Inc.,  100  East  Ohio  Street,  Chicago  11,  111.  Films,  slides  and  slide- 
films,  kodachromes,  and  charts  on  all  subjects. 

U.  S.  Department  of  Agriculture 

Films:  Motion  Picture  Service,  U.S.D.A.,  Washington  25,  D.  C. 

Information  on  slides:  Extension  Service,  U.S.D.A.,  Washington  25,  D.  C. 

U.  S.  Public  Health  Service  and,  in  many  cases,  your  state  Board  of  Health  will  have  a film 
library  or  list  of  recommended  aids. 

United  World  Films,  Inc.,  445  Park  Avenue,  New  York  22,  N.  Y.  (Now  owns  the  large  film 
library  of  Bell  and  Howell.) 

Visual  Aids  Service  of  New  Jersey  State  Teachers  College  Library,  Upper  Montclair,  N.  J. 
Maintains  an  up-to-date  card  catalog  and  will  furnish  information  relating  to  suitable  audio- 
visual and  teaching  aids. 

Westinghouse  Electric  Corp.,  306  Fourth  Avenue,  Pittsburgh  30,  Pa.  Sends  free  films  and  charts 
on  physical  sciences  and  health. 

Many  public  school  systems  and  state  universities  have  departments  of  visual  education  which 
maintain  film  libraries.  State  museums  often  loan  slides  to  teachers. 
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To  the  Boys  and  Girls  Who  Study  This  Book 


For  hundreds  of  years,  explorers 
have  been  discovering  new  places 
in  the  world.  Columbus  discovered  a 
new  land,  and  other  explorers  dis- 
covered new  regions  in  many  parts 
of  the  earth.  But  nearly  all  of  the 
lands  in  our  world  have  now  been 
discovered  and  explored. 

Traveling  to  faraway  places  is  not 
the  only  way  of  discovering  our 
world.  We  also  discover  our  world 
when  we  learn  what  kind  of  world 
it  is.  All  around  you,  there  are  thou- 
sands of  things  that  you  have  never 
seen  or  heard  about.  They  are  just  as 


interesting  and  just  as  exciting  as 
anything  that  the  great  explorers 
ever  found. 

In  this  picture  the  boys  and  girls 
are  discovering  interesting  things 
about  the  world  they  live  in.  You 
are  very  much  like  these  boys  and 
girls.  You  have  eyes  and  ears,  and 
you  can  think  and  plan.  You  can  see 
and  hear  many  of  the  things  that  go 
on  around  you,  and  you  can  find  out 
how  they  happen. 

Here  are  some  of  the  things  that 
happen  near  you  every  day.  Can  you 
explain  how  they  happen? 
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Water  flows  downhill. 

Animals  help  plants. 

Plants  help  animals. 

Fire  makes  things  burn. 

Bees  help  flowers  make  seeds. 

Green  plants  make  food  from  ma- 
terials in  the  soil  and  air. 

Steam  locomotives  pull  trains. 

People  plant  tiny  seeds  that  grow 
into  flowers  or  vegetables. 

Probably  you  do  not  know  how 
these  things  happen.  But  do  you 
know  how  to  find  out? 

One  way  to  find  out  how  such 
things  happen  is  to  look  carefully  at 
the  things  around  you.  To  do  this, 
you  need  to  think  about  what  you  are 
seeing.  You  need  to  take  plenty  of 


time  so  that  you  will  discover  as  much 
as  you  can. 

Another  way  of  finding  out  about 
the  things  around  you  is  to  read 
books.  There  are  certain  things  to 
remember  when  you  read  books  to 
get  information.  Some  books  are 
written  to  be  read  for  fun.  They  do 
not  always  give  you  correct  informa- 
tion. Be  sure  that  the  books  you  read 
for  information  were  written  by 
authors  who  write  books  to  give  in- 
formation. You  may  have  to  read  sev- 
eral books  before  you  decide  whether 
the  information  is  correct. 

The  books  you  read  in  science 
should  not  be  too  old.  The  science  in- 
formation in  old  books  may  have  been 


thought  correct  when  the  books  were 
written.  But  new  discoveries  are 
made  every  year.  And  so  new  books 
are  likely  to  be  more  nearly  correct. 

One  of  the  most  interesting  ways 
of  discovering  new  things  is  to  do  ex- 
periments. When  you  experiment, 
you  try  out  different  things  to  see  how 
they  work.  You  will  want  to  do  many 
experiments  so  that  you  can  learn 
about  the  things  around  you. 

When  scientists  do  experiments, 
they  use  many  of  the  things  you  see 
in  the  picture  on  page  7.  Perhaps 
you  will  have  some  of  these  things 


to  use  at  school.  But  if  you  do  not, 
you  can  do  many  experiments  just  as 
well  with  bottles,  glasses,  and  other 
things  that  you  bring  from  home. 

There  are  certain  things  you  should 
be  careful  about  when  you  experi- 
ment. Bead  this  list  of  things  to  do 
and  try  to  think  of  them  while  you 
are  doing  your  experiments. 

1.  Be  sure  to  follow  the  directions 
that  are  given  in  your  book. 

2.  Watch  carefully  to  see  what 
happens. 

3.  Think  carefully  to  understand 
why  it  happens. 
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4.  Try  your  experiment  more  than 
once  so  that  you  can  be  sure  that  you 
do  it  correctly. 

5.  Always  work  carefully. 

Many  of  the  discoveries  in  our  world 

have  been  made  by  scientists.  Scien- 
tists are  men  and  women  who  study 
the  things  on  the  earth  and  inside  the 
earth.  They  are  really  discovering  our 
world  because  they  are  always  find- 
ing out  new  things  about  it. 

Scientists  discover  new  things  by 
experimenting  and  by  looking  care- 
fully at  things  about  them.  They  make 
many  discoveries  in  their  science 
laboratories.  But  they  also  make  dis- 
coveries wherever  they  happen  to  be. 

Not  all  of  your  science  discoveries 
will  be  made  in  your  schoolroom. 
Many  of  them  will  be  made  at  home 
and  everywhere  around  you  outdoors. 


If  you  want  to  find  out  what  dis- 
coveries this  science  book  will  show 
you,  look  at  the  Contents  on  page  3. 
It  will  tell  you  some  of  the  things 
that  you  are  going  to  learn. 

If  there  are  some  other  questions 
that  you  would  like  to  ask,  make  a 
list  of  them.  Then  see  how  many  of 
them  you  can  answer  as  you  study 
Discovering  Our  World. 

As  you  use  this  book,  you  will 
find  some  new  words  that  scientists 
use.  You  will  want  to  know  what  they 
mean  so  that  you  can  use  them,  too. 
In  the  back  of  this  book  is  a list  of 
Science  Words.  The  list  tells  you  how 
to  pronounce  them.  It  also  tells  you 
what  the  words  mean.  Turn  to  page 
246  and  look  at  the  list  of  Science 
Words  so  that  you  can  see  how  it 
will  help  you. 
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* In  Unit  One  You  Will  Learn  * 


* How  animals  help  each  other  * How  plants  help  animals  * 

* How  animals  help  plants  * How  plants  help  each  other  * 

* How  plants  harm  other  living  things  * How  animals  harm  other  living  things  * 
* How  plants  help  us  * How  animals  help  us  * 

* How  we  conserve  the  living  things  that  help  us  * 


How  Do  Living  Things  Help  and 
Harm  Each  Other? 


Do  you  know  that  fish  helped 
make  buttons  for  your  clothes? 
Many  buttons  are  made  from  clam 
shells.  Not  many  years  ago,  the  men 
who  make  these  little  white  buttons 
became  worried,  because  the  clams 
were  disappearing.  So  the  men  asked 
scientists  to  find  out  why.  This  is  what 
the  scientists  discovered. 

When  young  clams  are  first  hatched 
from  eggs,  they  are  not  much  bigger 
than  a pinhead.  They  float  around  in 
the  water  until  they  fasten  them- 
selves to  the  gills  of  fish.  There  they 
stay  until  they  are  big  enough  to  live 
without  the  help  of  the  fish.  The 
young  clams  that  do  not  fasten  them- 
selves to  the  gills  of  fish  soon  die. 

Can  you  guess  why  the  clams  were 
disappearing?  It  was  because  fisher- 
men had  caught  most  of  the  fish  that 
the  clams  needed.  So,  of  course,  the 
clams  could  not  stay  alive.  Without 
the  fish  there  could  be  no  clams,  and 
without  the  clams  there  could  be  no 
shells  for  buttons. 


This  story  tells  you  just  one  of  the 
many  strange  ways  in  which  living 
things  need  and  use  each  other.  Here 
is  another  story  that  shows  you  how 
living  things  help  and  harm  each 
other. 

Would  you  believe  that  mountain 
lions  and  wolves  could  save  a forest? 
High  up  in  the  mountains  in  the  west- 
ern part  of  our  country,  there  is  a 
beautiful  forest.  A few  years  ago, 
many  of  the  trees  and  other  plants  in 
this  forest  were  dying,  because  deer 
were  killing  them.  This  may  seem 
strange,  because  deer  have  lived  in 
forests  for  hundreds  of  years  without 
destroying  the  forests. 

Yet  this  is  what  was  happening.  In 
this  forest,  wolves  and  mountain  lions 
had  been  killing  many  of  the  deer  and 
eating  them.  The  men  in  charge  of 
the  forest  decided  to  kill  the  mountain 
lions  and  wolves  so  that  the  deer 
would  be  safe. 

After  the  men  did  this,  almost  every 
deer  that  was  born  grew  to  full  size. 
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If  many  deer  ate  the  twigs  and  hark  of  these  trees,  what  would  happen  to  the  trees? 


The  herds  of  deer  became  larger  and 
larger.  Soon  the  herds  were  so  large 
that  there  was  not  enough  food  for 
them.  They  became  so  hungry  that 
they  gnawed  the  bark  off  the  trees. 
Of  course,  this  killed  many  trees. 
Then  the  men  had  to  kill  some  of  the 
deer  to  save  the  trees.  Do  you  see  now 
how  the  wolves  and  the  mountain 
lions  had  helped  save  the  forest? 

This  story  you  have  just  read  about 
the  forest,  the  deer,  the  mountain 
lions,  and  the  wolves  shows  another 
one  of  the  strange  ways  in  which 
plants  and  animals  need  each  other 
and  use  each  other.  Living  things 
need  other  living  things  almost  as 
much  as  they  need  air  and  water. 

You,  too,  are  a living  thing.  Every 
day  of  your  life,  your  plant  and  ani- 


mal neighbors  help  you  in  some  ways 
and  harm  you  in  other  ways.  This 
unit  will  tell  you  many  ways  in  which 
living  things  need  and  use  each  other. 
You  can  discover  many  other  ways 
yourself  if  you  watch  your  living 
neighbors  closely  when  you  are  out- 
doors. 

Before  you  read  these  pages  about 
plants  and  animals,  you  must  be  sure 
that  you  do  not  get  a wrong  idea.  Do 
not  get  the  idea  that  plants  and  ani- 
mals know  that  they  are  helping  or 
harming  each  other.  Plants  and  ani- 
mals need  food,  shelter,  air,  water, 
and  light.  As  they  try  to  get  these 
things,  they  sometimes  help  and 
sometimes  harm  other  living  things. 
This  helping  and  harming  just  hap- 
pen to  take  place.  The  living  things 
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do  not  plan  to  help  or  harm  each 
other. 

Suppose  you  take  a walk  across 
the  fields  and  through  the  woods  or 
to  some  park  in  your  town.  Watch 
every  animal  you  see  and  try  to  find 


out  what  the  animal  is  doing.  Study 
the  plants  you  find.  As  you  watch 
these  living  things,  try  to  find  answers 
to  these  questions.  How  do  living 
things  help  each  other?  How  do  liv- 
ing things  harm  each  other? 


How  do  animals  help  each  other? 


One  day,  a science  class  went  to 
parks  and  vacant  lots  in  their 
town  to  watch  plants  and  animals. 
The  boys  and  girls  also  kept  watch- 
ing after  school  and  on  weekends 
when  they  were  outdoors.  They 
watched  to  see  what  they  could  find 
out  about  how  living  things  help 
each  other.  Then  they  talked  about 
what  they  had  seen.  First,  they  talked 
about  animals. 


“I  know  one  way  animals  help  each 
other,”  Henry  said.  “My  father  keeps 
honeybees,  and  I know  that  bees  live 
together  in  hives.” 

The  teacher  then  told  the  class  that 
honeybees  are  called  social  animals 
because  they  live  and  work  together. 
They  have  to  live  together  in  a colony 
to  stay  alive.  Sometimes  there  are  as 
many  as  60,000  bees  living  in  a 
colony. 


This  colony  of  hees  has  left  its  old  home  and  is  moving  into  a new  one. 
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Almost  all  of  the  bees  in  the  hive 
are  called  worker  bees.  They  do  all  the 
work  of  the  hive.  Other  bees  are 
called  drones . There  are  not  many 
drones  in  a hive.  They  do  no  work, 
but  the  bee  family  could  not  get  along 
without  the  drones.  A drone  is  the 
father  of  the  colony.  All  of  the  bees 
are  either  workers  or  drones  except 
one  bee.  This  bee  is  the  largest  in  the 
colony.  She  is  the  mother  and  is 
called  the  queen  bee.  The  pictures 
at  the  top  of  this  page  show  you  a 
worker  bee,  a queen  bee,  and  a drone. 

A beehive  is  almost  like  a city, 
with  every  bee  doing  a certain  kind 
of  work.  Some  bees  fly  over  the  fields 
and  meadows,  gathering  materials 
for  food.  They  find  these  materials 
in  the  flowers  of  plants.  One  of  the 
materials  is  a sweet  juice  called  nec- 
tar. The  bees  use  the  nectar  to  make 
honey.  This  honey  is  food  for  the 
bees.  Bees  also  gather  pollen  from 
the  flowers.  Perhaps  you  have  seen 
pollen  in  flowers.  It  looks  like  yel- 
low dust.  Bees  use  the  pollen  to  make 
a kind  of  food  called  beebread. 


Some  of  the  worker  bees  are  wax 
makers.  These  bees  eat  all  the  food 
they  can  and  then  attach  themselves 
to  each  other  and  hang  in  long  strings 
from  the  top  of  the  hive.  Each  bee 
clings  to  the  bee  above  it.  In  a short 
time,  wax  begins  to  ooze  from  the 
undersides  of  their  bodies.  Other 
worker  bees  take  this  wax  and  use  it 
to  make  honeycombs.  In  these  wax 
combs,  the  bees  store  their  honey. 
They  also  put  beebread  in  these 
combs.  The  queen  bee  lays  her  eggs 
in  these  combs,  too. 

Some  of  the  bees  are  housekeepers. 
They  pick  up  the  pieces  of  wax  that 
fall  to  the  bottom  of  the  hive  and  carry 
them  outside.  When  bees  die  in  the 
hive,  these  housekeeper  bees  carry 
the  dead  ones  out. 

Of  course,  there  is  always  danger 
that  some  enemy  may  enter  the  hive. 
It  is  the  duty  of  the  guard  bees  to 
make  sure  that  no  strangers  enter. 
If  a wasp  or  some  other  strange  insect 
or  a bee  from  another  colony  tries  to 
come  into  the  hive,  the  guard  bees 
fight  it  and  sting  it  to  death. 
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These  hundreds  of  worker  bees 
must  be  supplied  with  fresh  air  while 
they  are  working  in  the  hive.  So  some 
of  the  bees  fan  their  wings  swiftly 
back  and  forth  to  move  the  air  and  to 
bring  in  fresh  air. 

But  all  of  this  work  would  be  use- 
less without  the  queen.  The  queen 
bee  lays  all  the  eggs.  Without  her, 
there  would  be  no  new  bees  to  take 
the  places  of  those  that  die.  The 
hive  would  soon  be  empty,  because 
workers  live  only  about  six  weeks. 

Does  the  way  the  bees  divide  up 
their  work  remind  you  of  a communi- 
ty? In  a city  or  a town  there  are 
street  cleaners,  policemen,  carpen- 
ters, storekeepers,  and  many  other 
kinds  of  workers.  They  help  each 
other  by  doing  different  kinds  of 
work.  No  one  person  does  everything. 


But  there  is  one  very  important 
difference  between  a bee  commu- 
nity and  a community  of  people.  Men 
and  women  plan  the  work  in  a com- 
munity. They  know  why  they  help 
each  other,  and  they  know  that  they 
are  helping  each  other.  Bees  cannot 
think.  So,  of  course,  they  cannot 
plan.  They  live  together  and  help  each 
other  without  knowing  why  they  do 
so.  They  do  not  even  know  that  they 
are  helping  each  other. 

Ants  also  are  social  insects.  It  will 
be  easy  for  you  to  have  a colony  of 
live  ants  in  your  classroom.  You  can 
dig  up  an  ants’  nest  and  put  it  in  a 
glass  jar  with  a fine  screen  over  the 
top.  Then  if  you  tie  paper  around  the 
jar  so  that  the  light  will  be  shut  out, 
perhaps  the  ants  will  make  tunnels 
in  the  soil  near  the  glass. 


In  the  picture  at  the  left,  some  of  the  hees  are  making  the  honeycomb.  On  the  right , 
the  bees  are  filling  the  comb  with  honey. 
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Here  is  part  of  an  ants’  nursery.  The  small,  light-colored  objects  are  young  ants.  • 


Most  of  the  brown  or  black  ants 
live  in  nests  built  in  sand  or  loose 
soil.  Here  they  dig  long  tunnels  and 
make  many  rooms.  Some  of  these 
rooms  are  nurseries  where  the  young 
ants  are  taken  care  of  until  they  can 
take  care  of  themselves. 

There  are  also  storerooms  for  food. 
And  would  you  believe  it,  some  rooms 
are  used  for  sleeping!  Yes,  ants  sleep. 
When  an  ant  returns  to  the  nest, 
carrying  a supply  of  food,  other  ants 
rush  out  to  meet  it.  They  brush  the 
dust  off  the  ant.  Then  the  ant  goes  to 
one  of  these  sleeping  rooms  where  it 
soon  is  fast  asleep. 


There  are  three  kinds  of  ants  in  an 
ant  colony,  just  as  there  are  three 
kinds  of  bees  in  a bee  colony.  But  in 
an  ant  colony  there  are  usually  sev- 
eral queens.  In  a very  large  colony 
of  ants,  there  may  be  fifty  queens. 
The  queen  ants  lay  the  eggs,  too.  In 
every  nest,  there  are  hundreds  of 
worker  ants.  Some  go  to  get  food. 
Some  look  after  the  queens  and  feed 
them.  Other  workers  take  care  of  the 
eggs.  Others  guard  the  colony. 

Scientists  who  have  studied  ants 
have  found  a very  strange  way  in 
which  animals  help  each  other.  They 
have  found  out  that  ants  keep  “cows.” 
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The  ant  cows  are  really  little  plant 
lice,  called  aphids.  The  picture  on  this 
page  shows  two  ants  with  their  cows. 
These  aphids  suck  the  juice,  or  sap, 
from  plants.  The  aphids  use  some  of 
this  juice  for  food.  But  ants  “milk” 
the  ant  cows  to  get  some  of  the  juice 
for  themselves.  They  do  this  by  strok- 
ing the  ant  cow  with  their  feelers. 
When  the  ant  cows  are  stroked,  they 
give  off  a drop  of  the  juice.  Then  the 
ants  drink  the  “milk.” 

But  this  is  only  part  of  the  story. 
The  ants  take  good  care  of  their  herd 
of  ant  cows!  They  keep  other  insects 
from  eating  the  aphids,  and  they  take 
care  of  the  aphids’  eggs.  Through  the 
cold  winter,  the  ants  keep  the  eggs  and 
the  cows  down  in  the  ground  where 
they  will  not  freeze.  When  the  warm 
spring  days  come  and  the  leaves  are 
growing  on  the  plants,  the  ants  bring 
the  newly  hatched  plant  lice  out  into 
the  sun  and  put  them  on  the  leaves. 
There  the  plant  lice  have  plenty  of 
food.  The  ants  have  really  taken 
their  cows  out  to  pasture! 

You  can  find  many  other  examples 
of  how  animals  live  together.  If  you 
watch  a mother  and  father  robin  feed 
the  young  birds,  you  will  discover 
that  the  parent  robins  make  hun- 
dreds of  trips  every  day  to  bring  food 
to  the  hungry  young  robins.  Even 
after  the  young  birds  have  begun  to 
fly,  the  mother  and  father  bring  them 
worms  and  insects.  The  bird  family 
lives  together  only  as  long  as  the 


young  birds  need  to  be  taken  care 
of.  Then  the  family  life  is  over. 

Many  other  animals  live  together 
while  the  young  need  the  mother’s 
care.  When  young  rabbits  are  born, 
they  are  as  helpless  as  little  kittens. 
For  many  days  after  young  rabbits 
are  born,  they  snuggle  close  to  their 
mother  and  drink  milk  from  her.  The 
mother  keeps  them  warm  and  safe. 

Some  kinds  of  animals  join  together 
so  that  they  can  capture  food  more 
easily.  A group  of  wolves  is  called  a 
pack.  When  a pack  of  wolves  finds  a 
deer  or  an  elk  in  the  woods,  the 
wolves  attack  the  animal  and  eat  it. 
One  wolf  would  have  a hard  time  kill- 
ing the  larger  animal,  but  many 


LIVING  THINGS  17 


Prairie  dogs  live  together  in  villages.  One 
watch  jor  enemies. 

wolves  together  can  kill  it  easily. 
Birds  often  join  together  to  fight  an 
enemy.  Did  you  ever  see  a flock  of 
little  birds  chasing  a big  crow  that 
had  been  trying  to  rob  their  nests  of 
eggs? 

Some  kinds  of  animals  warn  each 
other  of  danger.  Beavers  do  this  by 
striking  their  flat  tails  on  the  water. 
This  makes  a loud  noise.  It  is  the  sig- 
nal for  other  beavers  to  dive  under 
water  and  swim  to  their  homes.  Crows 


two  sit  up  on  top  of  their  mounds  to  keep 

give  warning  cries,  and  the  flock  flies 
to  shelter  and  safety.  Many  other 
kinds  of  animals  help  each  other  by 
giving  warning  signals. 

Animals  need  and  use  other  ani- 
mals in  many,  many  ways.  It  would 
take  you  a long,  long  time  to  find  out 
all  there  is  to  know  about  these  ways. 
If  you  have  been  watching  your  ani- 
mal neighbors  and  reading  about  them, 
you  have  probably  discovered  many 
things  that  are  not  told  in  this  book. 


or 


1.  Why  are  some  animals  called  social  animals?  Give  some  ex- 

amples of  social  animals. 

2.  List  some  ways  in  which  animals  help  each  other  by  living  or 

hunting  in  groups.  Give  an  example  of  each  way.  If  you  can, 
name  other  animals  than  the  ones  given  in  this  book. 

3.  What  is  one  big  difference  between  an  animal  community  and  a 

human  community? 
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How  do  plants  help  animals? 


When  the  boys  and  girls  of  the 
science  class  had  learned  how 
animals  help  each  other  in  many 
ways,  they  decided  to  find  out  how 
plants  help  animals.  One  Saturday, 
Bill  and  John  took  a hike  through  the 
woods  and  across  the  fields.  They  had 
not  gone  far  before  they  saw  a squir- 
rel scampering  along  the  ground. 
Soon  they  saw  that  he  was  helping 
himself  to  nuts  that  lay  on  the  ground 
under  some  hickory  trees.  Quietly 
the  boys  watched.  They  saw  the  squir- 
rel carry  the  nuts  away  to  a hole  high 
up  in  a tree. 

“The  squirrel  eats  the  nuts  and 
uses  the  tree  for  a home,  too,”  said 
Bill.  “And,  of  course,  a tree  is  a 
plant.” 


As  Bill  and  John  walked  along, 
they  saw  other  animals  using  plants 
for  food.  Cows,  horses,  and  sheep 
were  eating  grass  in  the  fields  near 
the  woods.  Birds  were  eating  fruits 
in  the  trees,  and  other  birds  were 
picking  up  the  seeds  of  plants. 

“Some  animals  certainly  could  not 
get  along  without  plants,”  said  John. 
“They  use  plants  for  their  food.” 

All  animals  need  plants.  Horses, 
cows,  sheep,  deer,  and  elephants 
never  eat  meat.  Cats,  dogs,  tigers, 
lions,  foxes,  and  many  other  animals 
eat  meat.  But  even  these  animals 
could  not  live  if  there  were  no  plants, 
because  the  animals  they  eat  use 
plants  for  food.  All  animals  must  live 
in  a place  where  there  are  plants. 


A duck  has  made  a nest  in  the  tall  reeds.  Her  eggs  will  he  well  protected  there. 
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As  the  boys  were  walking  along  the 
edge  of  a grassy  field,  they  were  star- 
tled by  a sudden  noise  in  the  grass. 
There,  almost  under  Bill’s  feet,  a tiny 
mouse  jumped  up  and  bounded  away 
across  the  field.  The  boys  searched  in 
the  grass,  and  in  a minute  they  were 
bending  over  a nest  _of  tiny  mice. 
The  tall,  thick  grass  and  the  weeds 
made  a very  good  place  for  the  moth- 
er mouse  to  raise  her  family.  Here  she 
was  protected  from  her  enemies  and 
from  the  hot  sun.  The  inside  of  the 
nest  was  lined  with  soft  grass  and 
leaves. 


While  the  boys  were  looking  at 
the  nest  of  mice,  they  heard  a tap- 
ping sound  on  a tree  near  by.  A wood- 
pecker was  using  its  strong,  pointed 
beak  to  make  a deep  hole  in  the  tree. 
In  this  hole,  the  woodpecker  would 
lay  her  eggs.  When  the  eggs  were 
hatched,  the  hole  would  make  a good 
home  for  the  young  woodpeckers.  The 
flicker  in  the  picture  is  using  a hole 
in  a tree  for  her  home. 

Many  other  birds  find  good  nesting 
places  among  the  branches  of  the 
trees.  An  oriole  hangs  its  basketlike 
nest  from  one  of  the  highest  branches. 
It  uses  grass  and  twigs  to  make  the 
nest.  Most  birds  could  not  make  their 
nests  without  using  grass,  twigs, 
leaves,  or  the  bark  of  plants. 

There  were  many  other  animals  in 
the  woods,  but  the  boys  did  not  dis- 
cover them.  These  animals  were 
small,  and  the  boys  never  thought  to 
look  for  them  in  their  hiding  places. 
If  they  had  looked  under  the  leaves  of 
plants,  they  would  have  found  many 
kinds  of  insects.  Many  kinds  of  small 
animals  live  under  the  leaves  of  plants 
that  grow  close  to  the  ground.  Crick- 
ets, grasshoppers,  ants,  small  moths, 
cutworms,  spiders,  and  snails  live  in 
the  shelter  of  these  leaves. 


1.  What  are  some  of  the  ways  in  which  plants  help  animals? 

2.  Name  five  different  animals  that  you  have  seen  using  plants.  Tell 

how  the  plants  helped  the  animals. 

3.  Explain  why  grass  is  very  important  in  your  life. 
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In  the  picture  on  the  left,  bees  are  crawling  over  a flower  looking  for  nectar  and  pollen. 
The  bee  at  the  right  has  many  grains  of  pollen  sticking  to  its  body. 

How  do  animals  help  plants? 


It  was  rather  easy  for  the  boys 
and  girls  to  see  how  plants  help 
animals.  But,  at  first,  they  could  not 
see  how  animals  helped  plants  very 
much.  Animals  always  seemed  to  be 
destroying  plants  by  eating  them.  But 
the  boys  and  girls  started  out  to  see 
what  they  could  discover.  They  read, 
asked  questions,  and  looked  carefully 
at  plants  and  animals. 

One  of  the  most  interesting  things 
the  boys  and  girls  learned  was  how 
bees  help  flowers.  You  have  prob- 
ably seen  bees  crawling  around  over 
them.  You  know  that  the  bees  are 
gathering  nectar  and  pollen.  Pol- 
len is  very  important  to  flowers. 
Plants  cannot  have  seeds  unless  pol- 


len gets  down  into  the  part  of  the 
flower  where  the  seeds  are  made. 
Seeds  will  grow  into  better  and 
stronger  plants  if  pollen  from  one 
plant  gets  into  the  flowers  of  another 
plant. 

Bees  carry  pollen.  When  a bee 
climbs  into  a flower,  some  of  the  dust- 
like pollen  sticks  to  its  hairy  legs. 
When  the  bee  crawls  around  on 
another  flower,  some  of  this  pollen  is 
brushed  off.  So  every  flower  that  the 
bee  visits  gets  pollen  from  some  other 
flower.  Many  kinds  of  flowers  cannot 
make  seeds  at  all  unless  bees  or  other 
insects  carry  the  pollen.  In  this  way, 
bees  and  flowers  are  like  partners. 
Bees  get  nectar  and  pollen  that  they 
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need  for  food.  The  flowers  get  the 
pollen  that  they  need  to  make  the 
seeds  that  will  grow  into  new  plants. 
Many  butterflies,  moths,  and  other 
kinds  of  insects  also  help  spread  pol- 
len from  flower  to  flower. 

Animals  help  plants  in  another  in- 
teresting way.  Insects  are  the  most 
dangerous  enemies  of  plants.  Scien- 
tists say  that  if  all  the  insects  that  are 
born  were  allowed  to  live,  in  ten  years 
they  would  eat  up  all  the  plants  in  the 
world.  But  birds  are  the  greatest  pro- 
tectors of  plants.  Many  kinds  of  birds 
eat  insects  for  food.  In  this  way,  mil- 
lions of  insects  are  destroyed  every 
day.  So  these  birds  are  helping  the 
plants  stay  alive. 

You  will  hardly  believe  the  num- 
ber of  insects  that  birds  eat.  Scien- 


tists have  figured  that  the  birds  in 
Massachusetts  eat  about  21,000  bush- 
.els  of  insects  a day  during  the  sum- 
mer months  of  the  year!  Each  bush- 
el has  about  120,000  insects  in  it. 
Scientists  say  that  in  New  York  State 
birds  eat  3 million  bushels  of  harm- 
ful insects  every  year. 

Earthworms  are  animals  that  also 
help  plants.  Sometimes  they  are 
called  “living  plows,”  for  they  dig 
their  way  through  the  ground  by  eat- 
ing soil.  The  soil  goes  in  one  end  of 
the  earthworm  and  out  the  other.  In 
this  way,  earthworms  help  keep  the 
soil  loose,  so  that  air  and  water  can 
get  down  to  the  roots  of  plants.  Per- 
haps you  have  seen  little  piles  of  soil 
near  holes  that  earthworms  have 
made  in  the  ground.  These  little  piles 


Can  you  see  the  little  piles  of  soil  near  this  earthworm’s  hole? 
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are  made  of  the  soil  that  has  gone 
through  an  earthworm. 

A scientist  once  figured  that  an 
acre  of  good  garden  soil  had  50,000 
earthworms  in  it.  He  also  figured  that 
36,000  pounds,  or  18  tons,  of  soil 
passed  through  the  bodies  of  these 
earthworms  every  year.  Perhaps  you 
thought  that  earthworms  were  good 
only  for  fish  bait,  but  now  you  can  see 
that  they  help  the  roots  of  plants  get 
the  air  and  water  the  plants  need  to 
stay  alive. 

The  day  that  Bill  and  John  hiked 
through  the  fields  and  woods,  they 
found  that  they  had  helped  plants  in 
a very  funny  way.  They  had  not 
planned  to  help,  and  they  did  not  no- 
tice how  they  were  helping  until  they 
sat  down  under  a tree  to  rest. 

“Look  at  your  pants,  Bill.  They’re 
covered  with  burrs!”  said  John. 

Bill  laughed,  “Look  at  them  on 
your  sweater,  too.” 


The  boys  found  many  kinds  of  plant 
seeds  sticking  to  them.  As  they  picked 
the  seeds  off,  they  dropped  them  to 
the  ground.  Do  you  know  what  prob- 
ably happened  to  the  seeds? 

Animals  that  have  fur  or  hair  are 
the  best  carriers  of  these  seeds  that 
stick  tight.  They  carry  them  far  and 
wide  until  the  seeds  fall  off  or  are 
rubbed  off.  In  this  way,  the  seeds  from 
one  plant  may  grow  into  new  plants 
miles  away.  Did  you  ever  pick  burrs 
out  of  the  hair  in  a dog’s  tail?  Inside 
these  burrs,  there  were  many  seeds. 
After  you  dropped  them  on  the 
ground,  they  probably  grew  into 
plants  far  from  the  place  where  the 
dog  picked  them  up.  Their  free  ride  on 
the  dog’s  tail  helped  the  plants  spread. 

Seeds  sometimes  get  faster  rides 
than  dogs,  sheep,  horses,  and  other 
four-legged  animals  can  give  them. 
They  are  carried  far  and  fast  by  birds 
flying  from  place  to  place. 


1.  Bees  and  flowers  are  partners.  Tell  how  each  one  helps  the  other, 

2.  What  are  the  most  dangerous  enemies  of  plants?  What  animals 

help  protect  the  plants  against  these  enemies? 

3.  How  do  earthworms  help  plants? 

4.  Give  one  reason  why  you  find  the  same  kinds  of  plants  growing 

in  so  many  different  places. 

5.  Tell  some  of  the  ways  in  which  animals  help  plants.  Give  an 

example  of  each  way.  If  you  can , name  other  animals  than  the 
ones  given  in  this  hook. 
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How  do  plants  help  each  other? 


WHILE  THE  CLASS  was  watching 
plants  and  animals  to  see  how 
they  help  each  other,  the  children 
were  bringing  to  school  many  inter- 
esting things  that  they  found  out- 
doors. One  day,  Nancy  brought  to 
class  a strange-looking  thing  that  she 
had  found  growing  from  the  side  of  a 
log.  The  picture  at  the  left  on  this 
page  shows  you  what  Nancy  found. 

“It  surely  isn’t  an  animal,”  said 
Nancy.  “And  it  doesn’t  look  like  a 
plant.” 

But  it  was  a plant  even  though  it 
was  not  green.  It  was  a kind  of  plant 
called  a fungus.  We  call  them  fungi 
when  we  are  talking  about  more  than 
one  fungus.  There  are  many  differ- 


ent kinds  of  fungi.  You  will  find 
them  growing  on  other  plants.  Some- 
times they  grow  on  live  plants,  some- 
times on  dead  plants.  They  even 
grow  on  animals.  Sometimes  they 
grow  out  of  soil  that  has  decayed 
plants  in  it.  Fungi  cannot  make  their 
own  food  as  green  plants  do.  So  they 
get  food  by  using  the  food  that  the 
green  plants  have  already  made. 

The  fungus  growing  on  the  tree 
shows  you  that  plants  sometimes  help 
other  plants  by  supplying  them  with 
food.  Mushrooms  and  puffballs  are 
also  fungi.  They  cannot  make  their 
own  food,  either.  They  grow  in  the 
ground,  but  they  get  their  food  from 
plants  that  have  died  and  decayed. 
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The  mistletoe  that  we  use  for  dec- 
oration at  Christmas  time  must  have 
the  help  of  other  plants,  or  it  cannot 
grow.  It  is  not  a fungus,  for  it  can 
make  its  own  food.  But  mistletoe 
does  not  get  water  from  the  soil.  And, 
of  course,  it  must  have  water  to  stay 
alive.  Mistletoe  gets  water  by  fasten- 
ing itself  to  the  branches  or  trunk 
of  a tree.  As  the  water  from  the  roots 
travels  up  through  the  tree,  the 
mistletoe  takes  the  water  it  needs  to 
stay  alive. 

Have  you  ever  seen  a jack-in-the- 
pulpit,  like  the  one  in  the  picture  on 
this  page?  You  will  have  to  hunt  in 
the  damp,  shady  woods  to  find  one. 
This  plant  will  not  grow  in  the  bright 
sunlight.  It  must  be  protected  by 
other  plants.  Ferns,  too,  need  the 


protecting  shade  of  larger  plants 
around  them.  Many  kinds  of  plants 
that  cannot  grow  in  the  hot  sun  are 
helped  by  the  shade  of  other  plants. 

In  a woods  near  a field  that  was 
once  a forest,  there  are  many  kinds 
of  plants  that  do  not  grow  in  the 
field.  These  plants  used  to  grow  where 
the  field  is,  too.  But  after  the  trees 
were  cut  down,  these  plants  could  not 
stay  alive,  because  the  shade  was 
gone.  The  plants  in  the  field  are  ones 
that  grow  in  the  sun  and  do  not  need 
shade. 

But  some  plants  need  the  help  of 
other  plants  to  get  sunlight.  Look  at 
the  picture  on  this  page.  The  vine  has 
climbed  up  until  it  almost  covers  the 
tree.  It  is  using  the  tree  to  lift  itself 
up  into  the  sunlight  and  the  air. 
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There  is  one  way  in  which  every 
plant  helps  some  other  plant.  When 
the  plant  dies,  it  falls  to  the  ground. 
Then  it  slowly  decays  and  becomes 
part  of  the  soil.  When  leaves  fall 
from  the  trees,  they  mix  with  the 


soil  and  decay.  The  food  materials 
in  the  plants  and  leaves  go  back  into 
the  soil,  where  they  can  be  used  again 
by  new  plants.  Have  you  seen  the 
black,  spongy  soil  in  a forest?  Other 
plants  grow  well  in  this  rich  soil. 


1.  What  is  a fungus?  Name  some  fungi. 

2.  How  is  a fungus  different  from  a plant  such  as  grass? 

3.  Why  must  mistletoe  grow  on  other  plants? 

4.  How  do  some  plants  help  other  plants  get  sunlight? 

5.  Why  are  plants  in  forests  often  different  from  plants  that  grow 

in  open  fields? 

6.  How  do  all  plants  help  other  plants  get  food? 

7.  List  as  many  ways  as  you  can  in  which  plants  help  other  plants. 


How  do  plants  harm 


other  living  things? 

One  morning  Bill  came  to  school 
with  his  arms  and  hands  almost 
covered  with  bandages.  Everyone 
wanted  to  know  what  the  trouble  was. 
Sally  thought  he  had  been  burned, 
but  Bill  explained  that  it  was  poison  , 
ivy.  He  had  been  out  on  a hike  Satur- 
day and  sat  down  to  rest.  He  did 
not  notice  the  poison  ivy  on  the 
ground. 

Some  of  the  boys  and  girls  did  not 
even  know  what  poison  ivy  looked 
like.  So  the  teacher  showed  them  a 
picture  like  the  one  on  this  page. 
Look  closely  at  the  picture  so  that 
you  will  remember  what  poison  ivy 
looks  like.  Sometimes  the  leaves 
have  smooth  edges,  and  one  kind  has 
leaves  that  look  like  oak  leaves.  But 
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You  may  be  surprised  to  learn  that  some  kinds  of  plants  eat  insects!  The  Venus’s-fly- 
trap  is  a plant  like  this.  Its  leaves  have  short  bristles  on  them.  When  an  insect  lights 
on  the  leaf  and  touches  these  bristles , the  two  halves  of  the  leaf  come  together.  The 
insect  is  trapped.  The  pitcher  plant  has  leaves  that  look  like  a pitcher.  They  have 
bristles  inside  of  them.  An  insect  that  crawls  down  inside  the  leaf  cannot  get  out  again. 


they  are  always  in  three’s.  The  stems 
and  white  berries  are  just  as  poison- 
ous as  the  leaves. 

If  you  touch  poison  ivy,  the  first 
thing  to  do  is  to  wash  yourself  with 
laundry  soap  and  hot  water.  But  it 
is  best  to  learn  to  know  the  plant  so 
that  you  will  not  touch  it. 

You  have  been  discovering  how 
plants  and  animals  help  each  other. 
Bill’s  experience  shows  you  that 
plants  may  also  harm  other  living 
things.  Perhaps  you  have  been 
pricked  and  scratched  by  thorns. 
These  thorns  scratch  and  tear  any 
animal  that  brushes  against  them. 

If  you  live  on  a farm,  you  may 
know  that  cows  sometimes  get  sick 
from  eating  a plant  called  white 
snakeroot.  This  plant  poisons  the 


milk  of  a cow.  There  are  several 
kinds  of  plants  that  make  horses, 
sheep,  and  cows  sick  and  may  even 
kill  them.  Many  kinds  of  plants  will 
also  make  people  sick  and  some- 
times kill  them.  If  you  are  hiking  out 
in  the  country,  never  eat  berries  or 
any  other  parts  of  plants  unless  you 
know  that  the  plants  are  harmless. 

The  mistletoe  that  you  read  about 
on  page  25  shows  another  way  in 
which  plants  harm  living  things. 
Mistletoe  robs  trees  of  water.  If  mis- 
tletoe grows  too  thickly  on  a tree,  the 
tree  will  die.  The  fungi  that  grow 
on  living  trees  harm  the  trees  by 
taking  food  from  them. 

There  are  many  kinds  of  fungi. 
Some  are  tiny.  Some  are  big.  When- 
ever they  grow  on  living  things,  they 
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are  harmful  because  they  are  using 
the  living  things  for  food. 

Some  kinds  of  mushrooms  are  good 
to  eat.  You  can  buy  them  in  almost 
any  grocery  store.  But  other  kinds 
of  mushrooms  are  deadly  poisonous. 
Only  people  who  know  the  difference 
between  the  kinds  that  are  poisonous 
and  the  kinds  that  are  not  poisonous 
should  ever  pick  mushrooms  to  eat. 
Many  people  have  died  from  eating 
the  poisonous  kinds. 

Look  at  the  pictures  on  this  page. 
Do  you  see  how  the  corn,  the  apple, 
and  the  plums  have  been  spoiled? 
Tiny  fungi  have  spoiled  them.  If  you 
live  on  a farm,  you  probably  know 
about  such  things  as  wheat  rust,  ap- 
ple rust,  potato  blight,  and  corn  smut. 
These  are  all  diseases  of  plants  that 
are  caused  by  tiny  fungi. 

If  you  want  to  see  what  one  kind 
of  fungus  looks  like,  keep  some  bread 
moist  for  a few  days.  You  will  see 
mold  growing  on  it.  Mold  is  a fungus. 
Perhaps  you  have  seen  mold  on  old 


damp  leather  or  on  fruit  that  has 
spoiled. 

There  are  other  very  tiny  plants 
called  bacteria.  Some  kinds  of  bac- 
teria often  harm  other  living  things. 
They  cause  many  of  the  diseases  that 
we  may  have.  They  also  cause  some 
of  the  diseases  that  farm  animals  may 
have.  Some  bacteria  even  attack 
other  plants  and  give  them  diseases. 

You  learned  that  every  green  plant 
needs  to  get  water  and  food  materials 
from  the  soil  to  keep  growing.  You 
also  learned  that  plants  must  have 
sunshine  so  that  they  can  grow.  If 
plants  are  too  close  together,  some 
of  them  take  water  and  sunlight 
from  others.  The  stronger  plants  live. 
But  the  weaker  ones  grow  poorly,  or 
they  die.  Weeds  in  your  garden  are 
enemies  of  your  flowers  and  vege- 
tables because  the  weeds  take  sun- 
light, food  materials,  and  water  from 
them.  If  there  are  too  many  trees  in  a 
yard,  there  may  not  be  enough  water 
for  all  of  them.  And  the  lawn  may  be 
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shaded  so  much  that  grass  does  not 
grow  well. 

When  plants  grow  farther  apart, 
they  are  not  shaded  by  each  other’s 
leaves.  So  there  is  plenty  of  sunlight 
for  all  of  them.  Their  roots  can  find 


plenty  of  water,  too.  Where  too  many 
plants  are  growing  close  together, 
every  plant  is  an  enemy  of  every  other 
plant.  It  is  almost  as  if  they  were 
fighting  each  other  for  the  things  they 
need  to  keep  them  alive. 


2.  How  may  every  plant  be  an  enemy  of  some  other  plant? 

2.  Why  is  it  a good  idea  to  get  rid  of  weeds  in  a garden? 

3.  Why  should  plants  not  be  grown  too  close  together  in  a garden? 

4.  Give  three  ways  in  which  plants  harm  other  plants. 

5.  Why  is  it  sometimes  necessary  to  pull  out  some  of  the  plants 

when  they  are  growing  in  a row  in  a garden? 

6.  Tell  three  things  you  have  learned  about  fungi. 

7.  Make  a list  of  the  ways  in  which  plants  harm  animals.  Give  an 

example  of  each  way. 

The  corn  that  was  planted  near  this  tree  cannot  get  the  water  and  food  materials  it 
needs  to  grow.  The  roots  of  the  tree  are  taking  these  materials  from  the  soil. 
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How  do  animals  harm  other  living  things? 


If  you  watch  animals,  you  can 
easily  see  that  they  spend  most  of 
their  time  hunting  for  living  things 
to  eat.  They  are  hunting  other  ani- 
mals or  eating  plants.  Most  animals 
catch  other  animals,  as  the  weasel 
in  the  picture  has  done.  But  some 
of  the  insects  have  another  way  of 
using  other  animals  for  food. 

The  caterpillar  in  the  picture  is  be- 
ing eaten  by  insects  hatched  from 
eggs  laid  on  its  body.  A kind  of  fly 
laid  the  eggs  on  the  caterpillar  and  left 
them  there.  When  the  eggs  hatched, 
the  young  insects  needed  food.  So 
they  began  to  eat  the  caterpillar. 

Many  animals  eat  plants.  Rabbits 
often  eat  the  leaves  of  garden  plants 
just  after  they  have  grown  an  inch 
or  two.  Rabbits  and  some  other  ani- 
mals sometimes  kill  young  trees  by 
gnawing  off  the  bark. 

But  as  you  know,  rabbits  and 
other  of  the  larger  animals  are  not 
the  most  dangerous  enemies  of  plants. 
The  most  dangerous  enemies  of 
plants  are  the  insects.  Try  to  think 
how  insects  harm  trees  and  other 
plants. 

Probably  you  have  seen  leaves 
with  big  holes  in  them  where  they 
have  been  eaten  by  insects.  You  may 
have  read  how  grasshoppers  by  the 
millions  sometimes  light  on  a field  of 
wheat,  oats,  or  corn  and  eat  almost 
every  plant  growing  in  the  field. 
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If  you  remember  that  insects  go 
through  changes  as  they  grow,  you 
can  understand  how  they  can  damage 
plants  in  many  ways.  Many  insects 
look  like  little  worms  when  they  first 
hatch  from  the  eggs.  These  little 
wormlike  creatures  are  called  larvae. 
Each  one  is  called  a larva.  A larva 
finally  changes  into  a full-grown  in- 
sect. 

Many  insects  lay  their  eggs  on  the 
stems,  roots,  leaves,  and  flowers  of 
plants.  When  the  eggs  hatch,  the  lar- 
vae eat  the  plants.  You  may  have 
seen  larvae  eating  the  leaves  of  trees 
or  of  vegetables  in  your  garden. 

Did  you  ever  bite  into  a “wormy’* 
apple?  The  worm  that  you  found  was 
the  larva  of  an  insect.  The  larva  was 
hatched  from  an  egg  laid  by  a kind 
of  moth.  This  moth  lays  its  eggs  on 
apples.  In  about  a week,  tiny  larvae 
hatch  from  the  eggs  and  eat  their 
way  into  the  apples. 

There  are  kinds  of  flies  that  ruin 
fruits  and  vegetables  in  much  the 
same  way  that  the  moth  larva  spoils 
apples.  They  dig  holes  in  the  fruits  or 
vegetables  and  lay  their  eggs  in  the 
holes.  The  larvae  hatch  from  the 
eggs  and  eat  the  fruits  or  vegetables. 

Other  kinds  of  larvae  that  hatch 
from  insect  eggs  eat  the  leaves,  stems, 
and  other  parts  of  plants.  Some  of 
these  are  cabbage  worms,  cutworms, 
and  cornworms.  They  are  all  insect 
larvae.  Almost  every  kind  of  plant 
has  some  kind  of  larva  that  eats  it. 
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Many  kinds  of  full-grown  insects 
kill  plants  by  sucking  the  sap  from 
the  plant.  You  know  that  plants  need 
this  sap  for  food.  When  too  many 
of  these  insects  get  on  a plant,  the 
leaves  turn  yellow.  Then  the  plant 
dies.  Other  kinds  of  full-grown  in- 
sects eat  the  leaves  and  even  the 
wood  of  plants. 

Look  at  the  pictures  on  this  page. 
Do  you  see  that  insects  have  bored 
holes  all  through  the  wood?  These 
holes  were  made  by  a kind  of  beetle. 
Millions  of  valuable  pine  trees  have 
been  killed  by  this  kind  of  beetle.  If 
you  live  where  cotton  grows,  you 
have  heard  of  the  cotton  boll  weevil. 
This  is  a kind  of  beetle  that  kills  cot- 


ton plants.  The  full-grown  beetle  eats 
the  leaves  and  lays  its  eggs  on  the  part 
of  the  plant  where  the  cotton  grows. 
The  larvae  that  hatch  from  these  eggs 
spoil  this  part  of  the  plant  so  that  the 
cotton  cannot  be  used. 

If  insects  were  let  alone,  they  would 
soon  destroy  all  plants  in  the  world. 
Can  you  imagine  a world  without 
plants?  You  know  what  would  hap- 
pen to  all  of  us.  We  would  have  noth- 
ing to  eat.  There  would  be  no  fruits 
and  vegetables.  And  there  would  be 
no  cows,  chickens,  sheep,  and  pigs. 
These  animals  that  we  use  for  food 
could  not  live  long  without  plants. 
They  need  grass,  corn,  wheat,  oats, 
and  other  plants  for  their  food. 


1.  What  is  the  main  reason  why  animals  harm  other  living  things? 

2.  Name  five  animals  that  you  have  seen  harming  other  animals. 

3.  Name  five  animals  that  you  have  seen  harming  plants. 

4.  Why  does  knowing  how  insects  grow  help  people  fight  them? 

5.  Tell  three  ways  in  which  insects  harm  plants. 
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The  men  in  the  picture  on  the  right  are  harvesting  hemp,  grown  for  its  fibers. 


How  do  plants  help  us? 


A science  class  once  made  a list  of 
all  the  different  plants  we  use 
for  food.  They  named  over  twenty- 
five  plants.  How  many  can  your  class 
name?  Think  of  all  the  vegetables, 
fruits,  cereals,  and  nuts  you  eat. 
Every  year,  the  people  of  our  country 
eat  millions  of  bushels  of  wheat, 
potatoes,  and  corn.  Besides  these 
things,  we  eat  millions  of  bushels  of 
apples,  oranges,  carrots,  and  other 
fruits  and  vegetables  every  year. 

Even  the  tiny  bacteria  help  us  with 
our  food  supply.  Some  of  them  cause 
plant  and  animal  bodies  to  decay.  In 
this  way,  materials  that  plants  need 
are  added  to  the  soil.  Other  bacteria 


are  used  in  making  vinegar  and  some 
kinds  of  cheese. 

But  food  is  not  all  that  we  get  from 
plants.  Suppose  you  look  around 
your  schoolroom.  Study  everything 
in  the  room.  What  things  come  from 
plants?  Is  there  any  rubber  in  your 
schoolroom?  The  rubber  was  prob- 
ably made  from  rubber  trees.  Surely 
there  is  paint  in  your  room.  From 
one  kind  of  pine  tree,  we  get  an  oil 
used  to  make  paint.  The  picture  on 
the  left  on  this  page  shows  how  this  oil 
is  collected.  Did  any  of  your  clothes 
come  from  plants?  Of  course,  there 
is  wood  in  your  room.  The  paper  in 
this  book  was  made  from  wood. 
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The  rain  has  washed  away  the  soil  and  is  making  little  valleys  on  this  hare  hillside. 


Many  kinds  of  plants  are  used  to 
make  medicine.  Castor  oil  comes 
from  the  beans  of  the  castor-oil  plant. 
The  wonderful  drug  penicillin  is 
made  from  a kind  of  mold. 

There  is  another  very  valuable 
thing  that  plants  do  for  us.  You  would 
probably  never  think  of  it.  Plants 
help  keep  rivers  from  overflowing 
their  banks.  Dead  leaves  and  stems 
and  branches  fall  to  the  ground  and 
make  a soft,  spongy  covering  for  the 
soil.  When  spring  comes  and  the 
snow  melts  and  there  are  heavy  rains, 
the  water  soaks  down  into  this  spongy 
covering.  But  where  the  soil  is  bare, 
most  of  the  water  runs  off  quickly 
into  the  brooks  and  rivers.  Of  course, 
the  brooks  and  rivers  cannot  hold  all 


this  water.  So  they  overflow  their 
banks  and  flood  the  country.  You 
have  probably  read  about  the  great 
damage  that  is  caused  by  floods. 

Did  you  ever  see  a river  in  the 
early  spring  when  the  snow  was  melt- 
ing, or  just  after  a long,  heavy  rain? 
What  color  was  the  water?  It  was 
yellow  or  brown  and  muddy.  Where 
did  the  mud  come  from?  Perhaps 
you  thought  it  came  from  the  bottom 
of  the  river.  But  it  really  came  from 
the  land  along  the  river.  Rains  are 
always  washing  soil  into  the  rivers. 

In  some  parts  of  our  country,  mil- 
lions of  acres  of  good  farm  land  have 
been  spoiled  because  people  cut  down 
the  trees  that  grew  on  the  hillsides 
or  plowed  up  the  grass  that  grew  on 
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Many  pine  trees  were  planted  on  the  hillside  and  their  roots  are  now  holding  the  soil. 


the  prairies  and  plains.  Then  rushing 
water  from  rains  and  from  melting 
snow  carried  the  soil  away  from  these 
places.  When  plants  grew  in  these 
places,  their  roots  helped  hold  the 
soil  and  kept  it  from  washing  away. 

Plants  keep  the  wind  from  blowing 
the  soil  away,  too.  Their  roots  form 
a network  in  the  soil,  and  their  leaves 
and  stems  slow  the  wind  down.  Not 
many  years  ago,  huge  dust  storms 
swept  across  our  country.  Strong 
winds  blowing  over  bare  ground 


picked  up  the  dry,  loose  soil  and  car- 
ried it  for  hundreds  of  miles  in  great 
clouds  of  dust.  Many  farms  were 
ruined,  and  the  farmers  had  to  move 
away. 

Since  that  time,  plants  have  been 
used  to  help  prevent  this  loss  of  soil. 
Grass  and  other  plants  are  used  to 
cover  bare  soil  and  hold  it.  Trees  are 
planted  to  check  the  wind.  You  can 
see  how  plants  help  us  by  holding  the 
soil  in  place  and  helping  to  prevent 
dust  storms  as  well  as  floods. 


1.  What  kinds  of  plants  did  you  eat  yesterday  and  today? 

Name  them. 

2.  What  plants  furnish  you  with  clothes , rugs , curtains,  and  bedding? 

3.  How  do  plants  help  prevent  floods  and  dust  storms? 

4.  How  do  plants  protect  the  soil? 
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These  men  live  on  a sheep  ranch.  How  are  animals  helping  them? 


How  do  animals  help  us? 


If  YOU  LOOK  at  things  in  your 
schoolroom,  at  home,  and  out- 
doors, you  will  find  many  answers 
to  the  question  “How  do  animals 
help  us?”  Your  geography  book,  too, 
will  give  you  answers  to  this  question. 

How  many  different  kinds  of  ani- 
mals help  furnish  us  with  food? 
Our  meals  would  be  very  different  if 
we  did  not  have  cows,  chickens, 
sheep,  pigs,  and  fish.  Animals  help 
furnish  us  with  clothes,  too.  Cows 
and  sheep  help  supply  our  clothes. 
Even  alligators  and  snakes  furnish  us 
with  leather.  We  often  use  their  skins 
for  shoes,  traveling  bags,  belts,  and 
purses. 


Animals  work  for  us  and  protect 
us,  too.  Horses,  oxen,  camels,  and 
even  dogs  carry  and  pull  loads  for  us. 
Dogs  often  protect  us  from  enemies. 
Cats  kill  mice  and  rats.  Some  of  the 
wild  animals  help  us,  too.  Skunks 
and  snakes  eat  large  numbers  of 
harmful  insects,  mice,  and  rats.  Many 
of  the  harmless  snakes  are  among 
our  best  helpers  and  should  be  pro- 
tected. Snakes  should  not  be  killed 
unless  they  are  poisonous. 

You  already  know  how  birds  pro- 
tect us  from  the  insects  that  would 
soon  destroy  all  our  plants.  Most 
hawks  and  owls  also  protect  our 
plants.  They  kill  rats,  mice,  ground 
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squirrels,  gophers,  chipmunks,  rab- 
bits, and  many  other  small  animals. 
These  animals  eat  the  roots,  bark, 
and  other  parts  of  our  fruit  trees.  Or 
they  eat  the  grains  and  vegetables 
from  our  farms  and  gardens. 

You  would  probably  never  think 
of  some  of  the  other  ways  in  which 
animals  help  us.  Glue  is  made  from 
the  hoofs,  skins,  and  horns  of  animals. 
Animal  hair  is  used  in  plaster  to  help 
hold  the  plaster  together.  Camel’s 
hair,  the  hair  of  squirrels,  and  pig 
bristles  are  used  to  make  paint- 
brushes. Leather  belts  made  from  the 
skins  of  animals  help  run  machines. 

Of  course,  this  book  can  tell  you 
only  a few  of  the  ways  in  which  ani- 
mals help  us.  There  are  many  more 
things  to  learn.  You  can  discover 
some  of  them  by  reading,  asking  ques- 
tions, and  watching  things  around 
you.  A good  idea  is  to  have  a separate 
group  answer  each  one  of  these  ques- 
tions and  then  report  to  the  class. 

1.  How  do  animals  help  supply  us 
with  food? 

2.  How  do  animals  help  supply  us 
with  clothing? 


3.  How  do  animals  help  us  do  our 
work? 

4.  How  do  animals  protect  us 
against  enemies? 

5.  How  do  animals  help  us  in  other 
ways? 

The  groups  can  help  show  what 
they  have  discovered  by  bringing  pic- 
tures and  samples  of  materials  that 
show  the  different  ways  in  which  ani- 
mals help  us. 


1 . Name  all  the  animals  you  can  think  of  that 

a ) Supply  us  with  food, 
h ) Supply  us  with  clothing . 

c)  Help  us  do  our  work. 

d)  Protect  us  against  enemies. 

e ) Help  us  in  other  ways. 

2.  Tell  just  what  each  of  these  animals  does  for  us. 
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Raising  trees  to  hold  the  soil  and  supply  lumber  is  one  way  to  help  with  conservation . 


How  do  we  conserve  the  living  things  that  help  us? 


Do  you  live  on  a farm?  Or  did  you 
ever  take  care  of  a garden?  Boys 
and  girls  who  live  on  farms  or  who 
have  gardens  know  many  ways  in 
which  we  help  plants  and  animals. 
We  provide  food  and  shelter  for  our 
horses,  cows,  sheep,  pigs,  and  chick- 
ens. We  even  have  doctors  for  sick 
animals.  We  are  just  as  careful  with 
our  plants.  With  plows,  hoes,  and 
other  tools,  we  loosen  the  soil  so  that 
air  and  water  can  get  down  to  the 
roots  of  the  plants.  We  put  fertilizer 
in  the  soil  so  that  the  plants  will  have 
materials  to  make  food.  We  spray 
fruit  trees  and  other  plants  with  poi- 
son to  kill  harmful  insects.  And  we 


fight  the  weeds  that  rob  our  plants  of 
water,  food  materials,  and  sunlight. 

Did  you  ever  hear  anyone  talk 
about  conservation?  It  means  protect- 
ing something  or  using  it  wisely. 
Everywhere  in  our  country,  men  and 
women,  and  even  boys  and  girls,  are 
interested  in  the  conservation  of  our 
wild  plants  and  animals.  You  have  al- 
ready learned  why  we  should  protect 
some  of  our  wild  animals  such  as 
skunks,  harmless  snakes,  and  birds. 
Let  us  find  out  some  other  reasons 
why  it  is  important  to  conserve  the 
wild  plants  and  animals. 

For  hundreds  of  years,  the  people 
of  our  country  have  used  plants  and 
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animals.  They  have  cut  down  the 
trees  to  make  houses,  furniture,  ships, 
and  many  other  things.  Millions  of 
trees  were  cut  down  and  burned  so 
that  the  land  could  be  used  for  farms. 

Trees  are  among  the  most  impor- 
tant of  the  living  things  that  we  are 
now  trying  to  save.  Our  government 
is  spending  millions  of  dollars  each 
year  to  plant  new  trees  and  to 
protect  the  trees  that  are  already 
growing.  Thousands  of  acres  of  land 
are  planted  with  new  trees  each  year. 
In  many  places,  there  are  great  forests 
where  no  trees  can  be  cut.  In  other 
forests,  the  workmen  are  very  careful 
not  to  harm  the  young  trees  when 
they  cut  down  the  large  ones. 

Forest  fires  have  robbed  us  of  mil- 
lions of  beautiful  and  useful  trees. 
These  same  fires  have  killed  thou- 
sands of  wild  animals.  Our  govern- 
ment has  found  ways  to  help  protect 
our  forests  from  fire.  On  this  page  is  a 
picture  of  a tower  in  one  of  our  coun- 
try’s big  forests.  During  dry  weather, 
a man  stays  in  this  tower  and  watches 
the  forest  for  any  signs  of  smoke.  He 
can  see  for  miles  and  miles  over  the 
treetops.  There  is  a telephone  in  the 
tower.  If  the  man  sees  smoke  from  a 
forest  fire,  he  telephones  to  men  who 
will  find  the  fire  and  put  it  out. 

Lightning  starts  many  forest  fires, 
but  most  fires  are  started  by  careless 
men  and  women  and  boys  and  girls. 
A lighted  match  or  cigarette  or  cigar 
dropped  in  the  grass  or  leaves  may 


start  a fire  that  will  destroy  thousands 
of  trees  and  animals.  Campers  forget 
to  put  their  fcampfires  out,  or  they  put 
them  only  partly  out  when  they  leave. 
The  wind  begins  to  blow,  and  sparks 
fly  out  into  the  leaves  and  grass.  A 
terrible  forest  fire  starts.  Are  you 
careful  with  fire  when  you  are  in  the 
woods?  Later  on,  you  will  learn  how 
to  be  safe  with  campfires. 

Every  year  insects  destroy  more 
trees  than  forest  fires  do.  Scientists 
are  at  work  in  many  places  studying 
the  insects  that  harm  the  forest  trees. 
They  find  out  where  these  insects  live, 
what  they  eat,  and  other  things  about 
them.  Then  they  work  out  ways  of 
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Gentians,  trilliums,  and  lady’s-slippers  are  protected  in  many  states.  Are  they  in  yours? 


killing  the  insects  before  they  do  too 
much  damage  to  the  trees.  Many 
thousands  of  trees  have  been  saved 
by  the  work  of  these  scientists. 

You  can  help  protect  our  wild 
plants.  What  do  you  do  when  you  see 
some  pretty  wild  flowers?  Do  you 
pick  them?  Or  do  you  leave  them  for 
other  people  to  enjoy?  If  you  and 
everyone  else  pick  the  flowers,  there 
will  be  no  flowers  for  anyone  to  enjoy 
in  a few  years.  Flowers  make  seeds, 
and  seeds  grow  into  new  plants.  In 
many  states,  laws  have  been  passed  to 
protect  wild  flowers  that  are  in  dan- 
ger of  disappearing.  If  you  can,  you 
should  find  out  the  names  of  the  wild 
flowers  that  are  protected  in  your 
state  and  learn  to  recognize  them. 

Wherever  forests  were  cut  down 
and  bushes  cleared  away,  many  kinds 
of  animals  had  no  place  to  live. 
Men  have  also  killed  the  wild  animals 


and  used  them  for  food.  Only  about 
seventy-five  years  ago,  millions  of 
buffalo  roamed  the  plains  in  the 
western  part  of  our  country.  Today 
there  are  only  a few  thousand  left. 

Not  so  many  years  ago  in  our 
country,  there  were  flocks  of  beauti- 
ful passenger  pigeons.  Today  not  one 
of  these  birds  is  alive.  Men  killed 
them  by  the  thousands,  and  most  of 
the  forests  in  which  they  made  their 
homes  were  cut  down.  There  used  to 
be  thousands  of  heath  hens  in  the 
eastern  part  of  our  country.  Today 
there  is  not  one  heath  hen  left. 

To  help  save  our  wild  animals,  we 
have  passed  laws.  These  laws  say  that 
some  animals  may  be  hunted  only  a 
few  days  every  year.  The  laws  also 
tell  just  how  many  animals  each 
hunter  may  kill.  Ducks,  geese,  pheas- 
ants, bears,  and  deer  are  some  of  the 
animals  that  are  protected  by  laws. 
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Some  animals  have  become  so 
scarce,  or  they  are  so  helpful  to  us, 
that  the  laws  say  that  no  one  may 
ever  kill  them.  In  most  states,  it  is 
against  the  law  to  kill  songbirds  or 
birds  that  eat  mostly  insects.  It  is  also 
against  the  law  to  take  birds’  eggs. 

Men  and  women  who  want  to  con- 
serve our  wild  animals  have  helped 
them  find  homes  for  themselves.  In 
many  places  in  our  country,  there  are 


forests  and  swamps  where  no  one  is 
allowed  to  kill  any  kind  of  animal. 
Here  the  birds  and  other  animals  are 
safe  to  make  their  homes. 

You  can  help  the  birds  near  your 
home  by  planting  trees  and  shrubs  in 
which  they  can  make  their  nests.  You 
can  also  put  up  birdhouses  and  feed- 
ing stands.  You  will  be  surprised 
when  you  see  how  quickly  the  birds 
learn  to  come  for  food. 


1.  What  does  conservation  mean? 

2.  Tell  three  things  that  are  being  done  to  save  our  forests. 

3.  How  can  you  help  conserve  our  forests? 

4.  What  are  we  doing  to  protect  wild  animals? 

5.  What  is  causing  many  of  our  wild  plants  and  animals  to  disappear? 

What  can  you  do  to  prevent  this? 

Leaving  grass  and  bushes  around  the  edges  of  fields  and  along  roads  makes  places  for 
birds  like  this  grouse  to  build  their  nests.  These  4-H  Club  boys  have  raised  this  young 
deer  and  are  letting  it  go  in  the  forest. 
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If  this  hear  cuh  could  read , it  would  know  that  it  is  safe  from  hunters.  The  man  in  the 
other  picture  is  catching  a heaver.  He  wants  to  take  it  to  another  place  where  some 
heavers  are  needed  to  make  a dam  in  a stream. 


— QUESTIONS 

1.  Why  is  it  important  to  find  out 
what  foods  wild  animals  eat? 

2.  What  is  the  most  important  way 
in  which  plants  and  animals  help  each 
other? 

3.  Why  do  animals  need  plants 
more  than  plants  need  animals? 

4.  Why  can  people  use  plants  and 
animals  in  more  ways  than  any  other 
kinds  of  living  things  can  use  them? 


TO  ANSWER  — — 

5.  Why  do  farmers  plant  corn, 
potatoes,  and  tomatoes  in  rows  sev- 
eral feet  apart  instead  of  scattering 
the  seeds  around  everywhere? 

6.  In  some  parts  of  the  world,  there 
are  forests  so  thick  that  small  plants 
cannot  grow  on  the  ground.  Why  can 
the  small  plants  not  grow? 

7.  Name  some  plants  and  animals 
that  need  our  protection. 


THINGS  TO  DO 


1.  Find  out  how  these  animals 
are  helpful  to  us-— sea  gulls,  skunks, 
snakes,  and  toads. 

2.  Write  to  your  State  Department 
of  Conservation  and  find  out  what  your 
state  does  to  keep  a supply  of  fish  in 
the  lakes  and  streams. 


3.  Read  more  about  bees  and  ants. 

4.  Make  a report  to  your  class  to 
show  that 

a)  Animals  cannot  live  without 
plants. 

b)  Plants  are  helped  by  animals. 

c)  People  need  plants  and  animals. 
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5.  Make  a collection  of  pictures 
that  show  different  ways  in  which  we 
use  animals  and  plants. 

6.  Ask  a druggist  or  a doctor  to  tell 
you  about  some  of  the  plants  that  are 
used  in  medicine  and  some  of  the 
drugs  that  are  made  from  plants. 

7.  Make  a list  of  rules  that  we 
should  follow  to  protect  trees. 

8.  Read  about  the  life  of  beavers. 

9.  Try  to  find  examples  of  how  ani- 
mals live  together  and  report  what 
you  find  to  your  class. 

10.  Make  some  birdhouses  and  put 
them  up  near  your  home  and  school. 
Keep  a record  of  the  birds  that  nest  in 
them. 

11.  Make  a collection  of  plants  that 
have  been  harmed  by  insects. 


12.  Write  to  your  State  Department 
of  Conservation  to  get  a film  on  forest- 
ry to  show  in  your  school. 

13.  Find  out  why  mosquitoes  made 
it  very  hard  to  build  the  Panama  Canal. 

14.  Write  to  your  State  Department 
of  Conservation  and  find  out  what  ani- 
mals and  plants  are  protected  by  law 
in  your  state. 

15.  Find  pictures  of  protected  plants 
and  put  them  on  the  bulletin  board. 
Learn  to  know  as  many  of  them  as 
possible. 

16.  Read  about  the  social  insects 
called  termites. 

17.  The  boys  in  the  picture  below  be- 
long to  a club  that  works  to  protect 
the  trees.  Find  out  if  there  is  a club 
like  this  in  your  state.  Join  it  if  you 
can. 
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* In  Unit  Two  You  Will  Learn  * 


* Why  things  move  * Where  your  muscles  get  their  energy  * 

* How  springs  get  their  energy  * What  the  greatest  force  in  the  world  is  * 

* How  we  use  moving  water  * How  we  use  moving  air  * 

* Why  steam  can  move  things  * How  we  use  the  force  of  explosions  * 

* How  electric  current  moves  things  * 

* How  one  form  of  energy  can  be  changed  to  another  * 


o uppose  you  wake  up  some  morn- 
O ing,  and  nothing  on  earth  is  mov- 
ing except  you.  You  look  at  the  clock 
to  see  what  time  it  is.  But  the 
clock  has  stopped.  You  go  into  the 
bathroom  to  wash.  When  you  turn 
on  the  faucet,  no  water  comes  out. 
Then  you  have  to  eat  a cold  breakfast, 
because  gas  does  not  come  through 
the  pipes  into  the  kitchen  stove. 

You  start  for  school  on  your  bi- 
cycle. When  you  come  to  the  hill 
where  you  usually  coast,  something 
strange  happens.  Instead  of  coasting 
downhill,  you  have  to  keep  on 
pedaling! 


When  you  look  around,  you  see 
something  else  that  is  strange.  All  the 
automobiles,  streetcars,  and  busses 
are  standing  still.  There  is  no  wind. 
The  air  is  not  moving.  Even  the  water 
that  used  to  flow  swiftly  under  the 
bridge  is  as  still  as  can  be.  Nothing  is 
moving  but  you! 

Of  course,  this  could  not  really 
happen,  because  things  are  always 
moving.  Clock  hands,  water  in  fau- 
cets, gas  in  pipes,  bicycles,  cars,  and 
hundreds  of  other  things  around  you 
all  move.  Do  you  know  what  makes 
things  move?  This  unit  will  help  you 
find  out. 


Why  do  things  move? 


If  you  want  to  move  a chair,  you  can 
either  pull  the  chair  or  push  it. 
Perhaps  you  think  that  lifting  a chair 
is  different  from  pulling  it  or  pushing 
it.  But  if  you  will  lift  a chair,  you  will 
see  that  you  are  really  pulling  on  it. 


Nothing  moves  unless  something  pulls 
or  pushes  it.  Scientists  have  a word 
that  means  a pull  or  a push.  This 
word  is  force.  Whenever  anything 
in  the  world  moves,  it  is  moved  by 
some  force. 
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All  around  you,  forces  are  moving 
things.  Water  is  flowing  downhill. 
The  trees  are  moving  in  the  wind. 
Baseballs  are  thrown  or  batted 
through  the  air.  You  are  walking 
or  running  to  school.  Automobiles, 
streetcars,  and  trains  are  moving  on 
the  ground.  Airplanes  are  flying 
through  the  air.  Water  wheels  and 
windmills  are  turning.  In  every  one 
of  these  examples,  a force  is  moving 
something. 

Read  over  the  examples.  You  will 
see  that  the  forces  which  move  these 
things  are  produced  in  different  ways. 
You  use  your  muscles  to  move  your- 
self and  other  things.  Automobiles 
and  airplanes  use  gasoline  engines. 
Trains  use  Diesel  engines  or  steam 
engines.  Streetcars  use  electric  mo- 
tors. Windmills  use  the  force  of  mov- 
ing air.  Water  wheels  use  the  force 
of  moving  water. 

Muscles,  engines,  motors,  water 
wheels,  and  windmills  can  all  push  or 
pull  things.  They  can  make  other 
things  move.  They  can  do  this  because 
they  have  energy.  Without  energy, 
there  would  be  no  force. 

Scientists  say  that  energy  is  the 
ability  to  do  work.  Let  us  see  what 
this  means.  Your  muscles  can  move 
your  arms  and  legs  and  other  parts 
of  your  body.  They  can  do  this  be- 
cause they  have  energy  stored  in 
them.  You  can  use  the  energy  stored 
in  your  muscles  to  pull  back  a bow. 
When  you  let  the  string  go,  the  arrow 
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will  fly  through  the  air.  The  bent 
bow  can  make  the  arrow  move 
thrpugh  the  air  when  you  let  it  go. 
It  can  do  this  because  the  bow  has 
energy  in  it  after  it  is  pulled  back. 

You  can  use  the  energy  of  your 
muscles  to  wind  a spring  in  a toy. 
When  the  spring  unwinds,  it  will 
drive  the  toy  across  the  floor.  The 
wound-up  spring  has  energy  in  it.  A 
moving  automobile  has  energy  in  it. 
If  it  strikes  another  car,  it  will  move 
the  car.  The  water  falling  over  a dam 
onto  a water  wheel  many  feet  below 
has  energy.  The  moving  water  makes 
the  wheel  turn  when  it  strikes  the 
wheel.  A strong  wind  has  a great 
deal  of  energy.  It  can  move  boats  or 
even  blow  a building  down. 

Now  you  can  see  what  we  mean 
by  energy.  In  every  example  you 
have  read  where  a force  was  moving 
something,  there  was  also  energy. 
This  energy  was  in  the  muscles,  the 
moving  air,  the  moving  automobile, 
the  bent  bow,  and  the  water  above 
the  dam.  It  is  the  energy  in  all  these 
things  that  makes  force  possible. 
Without  energy,  there  would  be  no 
force.  So  whenever  you  see  some 
force  moving  something,  you  know 
that  this  force  is  produced  by 
energy. 

As  you  can  easily  see,  there  are  dif- 
ferent forms  of  energy.  The  energy 
stored  in  your  muscles  is  one  form  of 
energy.  When  an  electric  motor  is 
turned  on,  the  motor  will  run.  Elec- 
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trie  current  makes  the  motor  run.  So 
electric  current  must  have  some  form 
of  energy.  The  energy  that  things 
have  when  they  move  is  another  form 
of  energy. 

As  you  study  science,  you  will  learn 
a great  deal  about  energy  and  about 


the  different  forms  of  energy.  Re- 
member that  every  force  is  supplied 
by  some  form  of  energy. 

Now  you  can  probably  tell  what 
happened  in  the  imaginary  story  on 
page  45.  What  must  have  happened 
if  nothing  moved? 


1.  What  is  a force?  Give  some  examples  of  forces. 

2.  What  do  we  mean  hy  energy?  How  can  you  tell  when  something 

has  energy? 

3.  Which  of  these  have  energy?  How  do  you  know? 

Stretched  rubber  band 
Moving  baseball  bat 
Electric  current 
Wind 

Water  coming  from  a faucet 

4.  Where  does  a ball  get  the  force  that  will  break  a window? 

5.  What  would  happen  if  all  forces  suddenly  disappeared? 


Where  do  your  muscles  get  their  energy? 


You  have  learned  that  your  body 
is  moved  by  your  muscles.  When 
your  muscles  get  shorter  or  longer, 
they  move  the  bones  of  your  body  so 
that  you  can  walk,  run,  play,  write, 
lift  a book,  and  move  your  body  in 
many  ways.  Your  muscles  can  move 
your  body  because  they  have  energy. 

Do  you  know  where  your  muscles 
get  the  energy  to  pull  and  push  and 
lift?  If  you  remember  what  you 
learned  about  your  body,  maybe  you 
can  tell.  And  if  you  should  go  with- 


out food  for  three  or  four  days,  you 
would  know  where  your  muscles  get 
their  energy.  Perhaps  you  have  read 
stories  of  people  who  were  lost  for 
days  without  food.  You  know  they 
became  so  weak  that  they  could  not 
walk  or  even  call  for  help. 

The  energy  that  your  muscles  have 
comes  from  the  food  you  eat.  A glass 
of  milk,  an  apple,  and  a piece  of  meat 
cannot  move  by  themselves.  But  your 
body  changes  them  so  that  they  give 
energy  to  your  muscles.  Then  your 
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What  form  of  energy  is  being  used  in  this  picture? 


muscles  can  move  your  body.  And 
you  can  throw  things,  lift  things,  and 
make  things  move  in  other  ways. 
Every  living  thing  must  have  food, 
or  it  cannot  move  itself  or  any  part 
of  itself.  Food  has  energy  stored  in  it. 
Later  in  this  book,  you  will  learn 
where  food  gets  its  energy. 

A long  time  ago,  people  did  not 
know  about  the  different  forms  of 
energy.  The  only  energy  that  they 
could  use  was  the  energy  stored  in 
their  muscles.  After  a time,  they  be- 
gan to  use  the  muscles  of  animals  to 


help  them.  Animals  were  trained 
to  pull  wagons,  carts,  and  plows,  and 
to  carry  loads  on  their  backs.  Horses 
and  oxen  pulled  plows  over  the  fields 
and  wagons  along  the  roads.  Even 
dogs  were  used  to  carry  or  pull  loads. 

Do  we  still  use  these  animals  to 
move  things? 

We  can  move  things  faster  and 
easier  today  because  we  have  learned 
to  use  other  forms  of  energy  to  pro- 
duce forces.  Then  we  can  use  these 
forces  to  move  things.  Later  in  this 
unit,  you  will  learn  how  we  do  this. 


1.  Where  do  we  get  the  energy  that  moves  our  bodies? 

2.  Where  do  animals  get  energy? 

3.  Does  your  breakfast  help  you  ride  a bicycle?  Why? 


FORCE  AND  ENERGY  49 


How  do  springs  get  their  energy? 


If  you  have  ever  played  with  a toy 
that  you  had  to  wind  up  to  make 
it  go,  you  have  used  a spring.  Every 
time  you  wind  a watch  or  a clock, 
you  are  also  using  a spring. 

A spring  is  usually  made  of  a flat 
steel  ribbon  or  a steel  wire.  The  steel 
ribbon  or  wire  has  no  energy.  It  can- 
not push  or  pull.  But  if  you  change 
it  in  some  way,  the  spring  has  energy. 
So  it  can  produce  a force  that  will 
make  something  move. 


You  already  know  one  way  to  give 
a spring  energy.  You  wind  it  up  into 
a tight  coil.  To  do  this,  you  have  to 
use  the  energy  of  your  muscles.  The 
energy  that  you  use  is  given  to  the 
spring.  When  the  spring  unwinds,  it 
gives  back  about  as  much  energy  as 
you  put  into  it.  Then  it  can  make 
something  move. 

Not  all  springs  get  their  energy  by 
being  wound  up.  Some  get  energy 
when  they  are  pushed  in  or  pulled 
out.  The  picture  on  this  page  shows 
one  of  these  springs.  It  is  used  to  give 
you  a smoother  ride  in  an  automobile. 
Do  you  know  how  it  does  this? 

Suppose  the  car  hits  a bump  in  the 
road.  The  wheel  goes  up  and  pushes 
the  spring  in.  Then  the  spring  pushes 
back  and  forces  the  wheel  down.  If 
the  wheel  goes  down  too  far,  the 
spring  is  stretched  out.  Then  it  pulls 
back  and  forces  the  wheel  up. 

You  can  find  springs  in  many  other 
places.  A spring  on  a screen  door 
pulls  the  door  shut  after  you  have 
opened  it.  Window  shades  have 
springs  to  help  you  roll  them  up. 
Springs  in  an  automobile  engine  keep 
some  of  the  other  parts  moving.  We 
use  springs  in  many  ways  to  make 
things  move. 


1 . How  have  you  used  springs?  Give  as  many  ways  as  you  can. 

2.  What  are  you  doing  to  a spring  when  you  wind  it  up  or  stretch 

it  out  or  push  it  in? 
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What  is  the  greatest  force  in  the  world? 


The  greatest  force  in  the  world 
is  one  that  pulls  on  you  and 
everything  else.  It  is  pulling  on  you 
now  as  you  read  this  page.  It  pulls 
on  the  book  you  are  reading,  and  it 
pulls  on  your  pencil  and  paper.  It 
is  pulling  on  everything,  and  it  keeps 
on  pulling  all  the  time. 

You  can  easily  see  what  this  force 
does  if  you  let  go  of  your  pencil.  It 
will  fall  to  the  table  or  to  the  floor.  As 
long  as  you  hold  on  to  it,  it  will  not 
fall.  But  as  soon  as  you  let  go  of  it,  this 
force  will  pull  it  down.  The  same 
thing  happens  when  you  jump  off  a 
chair.  The  chair  will  hold  you  up  as 
long  as  it  is  under  you.  But  if  you 


jump  off,  this  force  will  pull  you 
down.  Do  you  know  what  this  force 
is?  It  is  called  the  force  of  gravity. 

It  is  the  force  of  gravity  that  pulls 
things  down  to  the  earth.  Unless 
things  are  held  up  in  some  way,  they 
will  always  fall  from  higher  places  to 
lower  places.  Rain  falls  from  the 
clouds,  apples  fall  from  trees,  and 
balls  thrown  high  in  the  air  always 
fall  back  to  the  earth  again.  The  force 
of  gravity  is  always  pulling  on  things. 
If  you  want  to  keep  a thing  from  fall- 
ing, you  must  hold  it  or  put  it  on 
something. 

The  force  of  gravity  pulls  you  and 
your  wagon  or  sled  downhill.  After 


What  force  is  pulling  these  children  downhill  on  their  skis  and  sleds? 
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you  have  pulled  it  up  the  hill,  you 
point  it  toward  the  bottom  and  then  sit 
down  on  it.  Someone  gives  you  a 
little  push,  and  away  you  go!  Gravity 
is  pulling  you  faster  and  faster  until 
you  get  to  the  bottom  of  the  hill. 

Aviators  who  have  to  get  out  of 
their  planes  when  they  are  in  the  air, 
use  gravity  to  get  themselves  down  to 
earth.  But  gravity  would  pull  them 
down  too  fast  unless  they  used  a para- 
chute. Later  in  your  study  of  science, 
you  will  learn  how  a parachute  works. 

Do  you  know  how  much  the  force 
of  gravity  pulls  on  you?  There  is  an 
easy  way  to  find  out.  All  you  need  to 
do  is  weigh  yourself!  The  pull  of  grav- 
ity on  you  is  your  weight.  When  you 
weigh  anything,  you  are  really  meas- 
uring the  pull  of  gravity  on  it.  We  use 
scales  to  weigh  things,  and  we  meas- 
ure their  weight  in  pounds. 


1.  Name  the  things  in  your  schoolroom  that  are  pulled  hy  the  force  of 

gravity.  Remember  that  anything  that  has  weight  is  pulled 
by  gravity. 

2.  How  many  of  these  things  are  pulled  by  the  force  of  gravity? 

Feather  Rock  Noise  Pail  of  water  Sunshine 

3.  Why  does  the  water  sink  into  the  ground  after  a rain? 

4.  When  you  weigh  yourself , what  are  you  finding  out? 

5.  Which  of  these  sentences  is  not  correct? 

a)  Gravity  makes  rivers  flow. 

b)  Gravity  does  not  pull  on  a book  if  the  book  is  on  a table . 

c)  Rain  falls  because  gravity  pulls  it. 

d)  Sleds  go  downhill  because  snow  is  slippery. 

e)  Gravity  pulls  on  everything  all  the  time. 
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How  do  we  use  moving  water? 


If  you  have  ever  stood  in  a swift 
stream  of  water,  you  have  felt  the 
force  of  the  water  as  it  raced  past  you. 
Perhaps  it  had  enough  force  to  push 
your  feet  out  from  under  you.  Mov- 
ing water  is  another  force  that  people 
learned  to  use  long  ago. 

Terrible  floods  show  us  that  moving 
water  has  great  force.  On  this  page, 
there  is  a picture  of  a building  that 
was  wrecked  by  a great  flood  of 
water.  Do  you  see  what  happened 
to  the  building?  It  was  lifted  up, 
tipped  over,  and  smashed  by  the  force 
of  the  water.  Mud  and  parts  of  other 
buildings  were  carried  by  the  water. 

But  the  force  of  moving  water  does 
not  always  do  harm,  On  the  next 


page  there  is  a picture  that  shows 
how  people  have  learned  to  use  the 
force  of  moving  water  to  run  a ma- 
chine in  a mill.  Can  you  see  what 
makes  the  water  wheel  go? 

It  is  turned  by  the  force  of  the  mov- 
ing water  in  the  stream.  The  water 
moves  against  the  paddles  of  the  wheel 
and  pushes  the  wheel  around.  When 
the  wheel  turns,  it  moves  a machine 
in  the  mill.  The  machine  grinds  corn 
into  meal  and  wheat  into  flour.  The 
miller  is  using  the  force  of  moving 
water  to  do  his  work. 

Some  kinds  of  water  wheels  are 
used  to  turn  machines  that  produce 
electric  current.  The  water  strikes 
the  paddles  of  the  wheel,  and  the 
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wheel  turns  the  machines.  Perhaps 
the  electric  current  that  lights  your 
home  and  school  is  produced  when 
water  moves  a water  wheel. 

You  can  easily  understand  how  the 
force  of  water  can  make  things  move 
if  you  make  a water  wheel  and  watch 
it  turn.  Look  at  the  pictures  on  this 
page.  They  show  a kind  of  water 
wheel  that  you  can  make.  Get  a 
thin  board  and  cut  it  into  pieces  to 
make  the  paddles.  Then  fasten  the 
paddles  together  as  they  are  in  the 
picture.  Put  the  nails  through  the 
holes  in  the  support  and  hammer 
them  into  the  paddles. 

When  the  wheel  is  finished,  hold 
it  under  a faucet  and  let  the  water 
fall  on  the  paddles.  Does  the  wheel 
turn?  Open  the  faucet  wider  so  that 
the  water  will  run  faster.  Does  the 
wheel  turn  faster?  When  the  water 
runs  faster,  it  has  greater  force.  And 
when  the  force  is  greater,  the  wheel 
turns  faster. 

If  you  have  made  your  water  wheel 
carefully,  you  can  use  it  to  turn  an- 
other wheel.  Slip  a small  spool  over 
one  of  the  nails  and  fasten  it  to  the 
paddles.  Look  carefully  at  the  pic- 
ture. You  will  see  how  the  spool  is 
connected  with  the  small  wheel  on  the 
toy  Ferris  wheel  by  a strong  piece  of 
string.  Now  you  can  see  how  the  force 
of  moving  water  can  be  used  to  make 
machines  go. 

The  water  that  turns  a water  wheel 
would  never  move  unless  something 


The  picture  on  the  left  shows  a hig  dam.  At  the  right,  you  see  the  inside  of  the  building 
where  the  water  that  falls  over  the  dam  turns  the  water  wheel. 


pulled  it  or  pushed  it.  It  is  pulled  by 
the  same  force  that  pulls  your  wagon 
or  sled  downhill.  This  force,  you 
remember,  is  gravity.  The  force  of 
gravity  makes  water  run  from  high 
places  to  lower  places  everywhere 
on  the  earth. 

When  people  built  a mill  near  a 
waterfall,  they  used  the  force  of  grav- 
ity to  turn  the  water  wheel.  The 
water  from  the  top  of  the  falls  flowed 
over  the  top  of  the  water  wheel.  The 
wheel  had  buckets  around  its  rim. 
The  water  fell  into  the  buckets,  and 


the  weight  of  the  water  in  the  buckets 
made  the  wheel  turn. 

People  often  make  the  water  in  a 
stream  rise  to  a higher  level  so  that 
when  it  falls,  it  will  have  greater 
force.  To  do  this,  they  build  a dam 
across  the  stream  to  hold  the  water 
back.  The  water  from  the  top  of  the 
dam  falls  swiftly  down  through  a 
big  pipe.  At  the  bottom  of  the  pipe, 
there  is  a water  wheel.  The  water 
falls  on  the  water  wheel  with  a great 
deal  of  force  and  makes  the  wheel 
turn  fast. 


1.  Which  water  wheel  will  turn  faster , one  that  is  in  a stream  flowing 

down  a mountain  or  one  that  is  in  a stream  on  almost  flat  land? 
Why? 

2.  Why  were  factories  often  built  near  rivers? 

3.  Do  you  think  that  moving  water  has  energy?  Explain  your  answer. 

4.  How  is  gravity  put  to  work  by  water  wheels? 
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The  force  of  moving  air  did  all  the 
damage  in  this  picture.  The  mov- 
ing air  was  a very  strong  wind  called 
a hurricane.  Do  you  see  that  the  roof 
of  the  building  was  torn  off  and 
that  some  of  the  walls  were  blown 
down?  Do  you  think  that  the  air  still 
had  much  force  when  the  picture 
was  taken?  How  do  you  know? 

Sometimes  strong  winds  blow 
across  dry  fields.  They  lift  the  fine 
bits  of  soil  into  the  air  and  make  huge 
dust  storms.  Much  good  farm  land 
has  been  ruined  in  this  way.  The 
force  of  the  moving  air  may  carry 
thousands  of  tons  of  soil  for  hundreds 
of  miles  before  the  dust  settles  to  the 
earth  again.  Of  course,  a gentle  wind 
does  not  have  so  much  force.  It  may 


move  only  the  leaves  of  the  trees  or 
blow  dust  into  your  home. 

The  first  way  people  used  the  force 
of  wind  was  to  make  their  boats  move 
on  the  water.  Long  ago,  before  people 
knew  how  to  make  engines,  many 
boats  were  pushed  by  the  wind.  These 
boats  had  big  sails  on  them.  When  the 
wind  blew  over  the  water,  it  pushed 
against  the  sails  and  moved  the  boats 
along.  If  the  wind  blew  hard,  the 
boats  moved  fast.  But  if  the  wind 
blew  gently,  the  boats  just  drifted 
slowly  along.  The  force  of  wind  is 
also  used  to  push  boats  over  the  ice. 
The  wind  sweeps  over  the  frozen 
lake,  pushes  against  the  sails,  and 
sends  the  iceboats  sliding  over  the 
smooth  ice  at  great  speed. 


56  UNIT  TWO 


You  may  want  to  make  a sailboat 
and  take  it  to  a pond  to  let  the  wind 
sail  it.  Another  thing  you  can  do  is 
to  make  a pinwheel.  If  you  fasten  it 
on  the  window  sill  or  on  the  top  of  a 
fence,  the  force  of  the  wind  will  keep 
it  turning  much  of  the  time. 

Moving  air  can  push  against  things 
with  great  force.  But  the  air  is  not 
always  moving.  Sometimes  the  wind 
blows,  and  sometimes  it  does  not.  You 
would  probably  like  to  know  what 
makes  the  wind  blow.  Some  force 
must  make  the  air  move.  This  force 
is  gravity.  Later  on,  you  will  find  out 
how  gravity  makes  air  move. 

Sometimes  we  make  air  move  by 
using  fans.  A vacuum  cleaner  is  a 
machine  that  works  by  using  moving 
air.  Here  is  a picture  of  the  inside  of 


a vacuum  cleaner.  Do  you  see  the 
fan?  An  electric  motor  turns  the  fan, 
and  the  fan  makes  air  rush  into  the 
cleaner.  If  you  put  your  hand  near 
the  opening  of  the  cleaner,  you  can 
feel  the  push  of  the  air  as  it  rushes  in. 

When  the  cleaner  is  pushed  across 
a rug,  the  air  rushes  in  with  so  much 
force  that  it  carries  the  dust  and  dirt 
along  with  it.  The  air  goes  out  through 
the  bag  of  the  cleaner,  but  the  dust 
and  dirt  cannot  get  through.  They 
stay  in  the  bag. 

You  already  know  that  we  can 
make  air  move  by  using  fans  as  in  a 
vacuum  cleaner.  People  sometimes 
use  air  to  move  things  through  pipes. 

In  some  factories,  fans  blow  air 
through  big  pipes.  Cotton,  wool,  and  \ 
other  light  materials  are  put  in  the 


MOTOR 
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pipes  and  moved  from  one  part  of  the 
factory  to  another  by  rushing  air. 

If  you  live  on  a farm,  you  have 
probably  seen  a threshing  machine. 
It  separates  the  grains  of  wheat  or  oats 
from  the  straw.  Then  a big  fan  sends 
air  through  a long  pipe  to  blow  the 
straw  out  onto  a big  pile.  In  the  pic- 
ture at  the  left  on  this  page,  you  can 
see  the  straw  being  blown  out  of  the 
pipe.  The  other  picture  shows  how 


the  force  of  moving  air  is  used  to  keep 
a tank  filled  with  water  so  that  the 
cows  can  drink.  The  wind  turns  the 
wheel  of  the  windmill.  The  wheel 
works  a pump  that  brings  water  up 
from  a well.  People  have  used  the 
force  of  wind  to  run  windmills  for 
hundreds  of  years. 

Moving  air  is  like  moving  water. 
We  can  use  its  force  to  make  many 
things  move. 


1.  In  which  of  these  ways  is  the  force  of  moving  air  like  the  force  of 

moving  water? 

a)  It  may  he  very  strong. 

h)  It  may  he  used  to  help  us. 

c ) It  may  cause  damage. 

d)  The  faster  it  moves , the  more  force  it  has. 

e)  It  can  move  very  heavy  things. 

2.  If  you  wanted  to  get  to  a place  at  a certain  time , would  you  rather 

take  a boat  that  is  run  hy  an  engine  or  one  that  is  moved  hy 
the  wind?  Why? 

3.  What  makes  the  air  move  in  a vacuum  cleaner? 

4.  How  do  we  use  the  force  of  the  wind? 


Look  carefully  at  the  pictures  on  this  page  and  the  next  one . They  will  help  you 
understand  how  a locomotive  is  made. 


Why  can  steam  move  things? 


Many  times  you  have  seen  a long 
train  of  railroad  cars  pulled  by 
a puffing  locomotive.  You  know  that 
the  locomotive  is  called  a steam  en- 
gine. What  force  moves  the  engine 
and  the  long,  heavy  train  of  cars?  It 
is  the  force  of  steam.  Long  after  peo- 
ple learned  to  use  the  forces  of  mov- 
ing air  and  water,  they  discovered 
how  to  make  steam  move  things. 
When  they  learned  how  to  use  its 
great  force,  they  could  do  many  things 
that  they  could  never  do  before. 

Do  you  know  where  steam  comes 
from?  It  comes  from  water.  But  be- 
fore water  can  make  steam,  it  must 


be  heated.  When  water  gets  hot 
enough,  it  boils  and  changes  to  steam. 
Steam  is  a gas.  Like  air,  steam  is  col- 
orless. You  cannot  see  it  at  all! 

Probably  you  have  watched  a tea- 
kettle in  which  water  was  boiling. 
Steam  filled  the  kettle  and  then  began 
to  come  from  the  spout.  If  you  looked 
close  to  the  spout,  you  saw  a little 
clear  space.  In  this  space  there  was 
steam.  Beyond  this  space  was  a white 
cloud.  You  probably  call  this  cloud 
“steam,”  but  it  is  really  water. 

When  a teakettle  is  full  of  boiling 
water,  steam  is  sometimes  made  fast- 
er than  it  can  get  out  of  the  spout. 
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Most  of  the  locomotive  is  used  to  hold  the  water  and  the  fire.  Can  you  find  the  pipe 
that  carries  the  steam  from  the  boiler  to  the  part  that  moves  the  wheels? 


Then  the  lid  of  the  kettle  pops  up  and 
down.  The  force  of  the  steam  makes 
the  lid  move.  An  easy  way  to  under- 
stand how  steam  can  move  things  is 
to  do  this  experiment. 

Fill  a test  tube  about  half  full  of 
water.  Put  a cork  in  the  top  of  the 
test  tube.  Be  careful  to  set  it  lightly 
in  the  opening.  Do  not  push  the  cork 
in  tightly.  Now  heat  the  test  tube 
gently.  Keep  the  cork  pointed  away 
from  your  face  and  away  from  anyone 
who  is  watching  you. 

As  the  water  boils,  it  changes 
to  steam.  The  steam  quickly  fills  the 
test  tube.  The  water  keeps  on  chang- 
ing to  steam.  The  steam  crowds 
against  the  sides  of  the  tube  and  also 
pushes  against  the  cork.  At  last,  there 
is  so  much  force  against  the  cork  that 
it  shoots  off  into  the  air.  If  the  cork 
had  been  pushed  tightly  into  the  test 


tube,  the  force  of  the  steam  would 
have  burst  the  glass  into  pieces. 

But  why  does  the  steam  have  such 
great  force?  When  water  changes 
to  steam,  it  makes  a great  deal  of 
steam  out  of  a small  amount  of  water. 
If  one  quart  of  water  is  all  changed 
to  steam,  how  many  quarts  of  steam 
do  you  think  it  makes?  It  makes  1600 
quarts! 

It  is  easy  to  see  that  1600  quarts  of 
steam  will  push  hard  in  all  directions 
if  you  try  to  keep  it  all  in  the  same 
space  that  a quart  of  water  takes  up. 
You  have  seen  the  same  thing  happen 
when  you  pump  air  into  a bicycle 
tire.  The  more  air  you  pump  into 
the  tire,  the  harder  the  tire  becomes. 

Every  steam  engine  has  a boiler 
for  water  and  a fire  to  change  the 
water  to  steam.  Pipes  carry  the  steam 
to  the  engine.  The  energy  that  a steam 
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engine  uses  comes  from  coal,  oil,  or 
other  fuel. 

Fuel  is  like  food  because  it  has 
energy  stored  in  it.  When  the  fuel 
burns,  it  gives  off  heat.  Heat  is  ener- 
gy, too.  It  can  change  water  to  steam. 
The  steam  can  push  against  a part 
in  the  engine  and  make  it  move  back 
and  forth.  Then  the  engine  turns 
wheels  to  make  something  move. 

The  next  time  you  see  a steam  loco- 
motive pulling  a long  train  of  cars, 
you  can  say  to  yourself,  “Steam  gives 
the  force  that  is  pulling  all  of  those 
cars.  The  coal  is  burning,  and  the 
heat  from  the  burning  coal  is  chang- 
ing the  water  to  steam.  The  steam  is 
pushing  hard  to  get  out.  This  push 
makes  the  wheels  of  the  locomotive 
turn.  The  locomotive  is  just  a ma- 
chine for  using  the  force  of  steam  to 
move  trains  for  us.” 

Another  kind  of  steam  engine  turns 
like  a water  wheel  or  a windmill. 
Pipes  carry  steam  from  a boiler  to  a 
wheel.  The  rushing  steam  pushes 
hard  against  blades  in  the  wheel,  and 
the  wheel  turns  very  fast. 

The  picture  above  shows  how  this 
kind  of  steam  engine  works.  Of 


This  wheel  is  turned  by  the  force  of  the 
steam  that  comes  out  of  the  pipe  and  hits 
the  blades  of  the  wheel. 

course,  this  is  just  a small  one.  Many 
of  the  steam  engines  like  this  that 
run  ships  and  power  plants  have 
many  rows  of  blades.  There  may  be 
thousands  of  blades.  The  steam  pushes 
against  all  these  blades  so  that  the 
wheel  turns  very,  very  fast. 

Steam  engines  are  used  to  pull 
trains,  to  make  ships  move,  to  run  big 
scoop  shovels,  and  to  turn  the  wheels 
of  machines  in  many  power  plants 
and  factories. 


1 . What  two  things  must  a steam  engine  have  so  that  it  can  get  steam 

to  make  it  move? 

2.  What  makes  water  turn  into  steam? 

3.  Is  steam  a solid  or  a liquid  or  a gas?  Can  you  see  steam? 

4.  Why  did  steam  push  the  cork  out  of  the  test  tube? 

5.  What  does  steam  do  in  an  engine? 


FORCE  AND  ENERGY  61 


The  engine  of  an  automobile  looks  somewhat  like  this.  Look  for  the  parts  where  the 
gasoline  explodes. 


How  do  we  use  the  force  of  explosions? 


Did  you  ever  travel  on  the  force  of 
an  explosion?  You  may  think 
that  is  a very  funny  question.  But 
probably  every  boy  and  girl  in  your 
class  has  traveled  on  the  force  of  ex- 
plosions many  times! 

Whenever  you  ride  in  an  automo- 
bile, you  are  being  moved  by  the  force 
of  an  explosion.  Gasoline  explodes 
inside  the  engine  and  makes  the  auto- 
mobile move.  Like  coal  or  any  other 
fuel,  gasoline  has  energy  stored  in  it. 
The  force  of  the  explosion  comes  from 
this  energy  in  the  gasoline.  Now  let 
us  see  what  makes  the  gasoline  ex- 
plode. 

We  put  gasoline  into  a tank  on  the 
automobile.  When  it  is  put  into  the 


tank,  the  gasoline  is  a liquid.  It  flows 
through  a pipe  to  the  engine.  Then  it 
goes  through  a part  that  changes  it 
to  a fine  spray.  Air  is  mixed  with 
the  spray,  and  the  gasoline  changes 
to  a gas.  Then  the  gas  goes  into  an- 
other part  of  the  engine.  Here  a tiny 
electric  spark  explodes  the  gas. 

When  anything  explodes,  it  sudden- 
ly gets  very  much  larger.  It  pushes 
out  in  every  direction  with  great 
force,  just  as  steam  does.  This  great 
force  can  make  something  move. 
When  gasoline  explodes  in  the  engine 
of  a car,  the  force  of  the  explosion 
moves  parts  of  the  engine.  Then  the 
wheels  turn,  and  the  automobile 
moves.  A gasoline  engine  is  just  a 
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This  streamlined  train,  which  can  go  very  fast,  is  pulled  by  a Diesel  engine. 


machine  that  is  run  by  the  great  force 
of  exploding  gasoline. 

Another  kind  of  engine  also  runs  by 
the  force  of  explosions.  It  is  called  a 
Diesel  engine.  For  fuel,  it  uses  oil  in- 
stead of  gasoline.  And  no  spark  is 
needed  to  make  the  oil  explode.  Many 
ships  and  trains  use  Diesel  engines. 


The  force  of  exploding  gas  can  car- 
ry you  over  the  roads  at  high  speed. 
It  can  also  move  big,  heavy  trucks  and 
boats  and  pull  plows  through  the  soil. 
It  can  run  the  engines  that  make  air- 
planes fly.  What  a different  world 
this  would  be  if  we  did  not  have  the 
force  of  explosions! 


1.  What  word  is  needed  in  each  sentence? 

a)  Gasoline  is  a when  we  put  it  into  the  tank. 

b)  Gasoline  is  a when  it  explodes . 

c)  When  gasoline  explodes , a great is  produced. 

d)  Exploding  gasoline  has  force  because  it  gets 

2.  How  are  steam  and  gasoline  alike  in  the  way  in  which  they  pro- 

duce force?  How  are  they  different? 

3.  What  makes  the  gasoline  explode  in  an  automobile  engine? 
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How  does  electric  current  move  things? 


Here  is  a picture  of  a boy  who  is 
using  the  energy  of  electric  cur- 
rent. His  father  gave  him  an  electric 
train  for  Christmas.  It  must  have 
something  to  make  it  move.  The  track 
is  connected  with  an  electric  outlet  by 
a long  cord  with  wires  in  it.  Inside 
the  engine  is  an  electric  motor.  When 


the  boy  turns  the  electric  switch  on, 
an  electric  current  will  flow  through 
the  wires,  through  the  track,  and  into 
the  motor  of  the  toy  engine.  The 
motor  will  turn  and  move  the  engine 
that  pulls  the  train.  When  he  turns 
the  switch  off,  the  electric  current 
stops  flowing.  The  motor  no  longer 
turns,  and  the  train  stops. 

This  experiment  will  help  you  un- 
derstand how  a motor  works.  Get  a 
large  iron  nail.  Wind  about  twenty 
turns  of  cotton-covered  copper  wire 
around  the  nail.  Now  connect  the 
two  ends  of  the  wire  to  an  electric 
cell , as  shown  in  the  picture  below. 
Try  to  pick  up  some  tacks  with  the 
nail.  Is  the  nail  a magnet?  What  hap- 
pens to  the  tacks  on  the  nail  when 
you  disconnect  one  wire  from  the 
cell? 

The  experiment  shows  that  an 
electric  current  flowing  through  a 
wire  around  a nail  will  make  the  nail 
into  a magnet.  When  the  current  is 
stopped,  the  nail  is  not  a magnet. 
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You  can  make  a motor  turn  by  connecting  it  to  some  electric  cells. 


Look  at  the  picture  of  the  motor. 
The  frame  of  the  motor  is  made  of 
iron.  The  two  sides  of  the  frame  are 
connected  at  the  bottom  with  a piece 
of  iron.  It  has  some  wire  wound 
around  it.  When  an  electric  current 
flows  through  the  wire,  the  frame 
becomes  a magnet.  Magnets,  as  you 
remember,  have  poles.  One  end  of 
the  iron  frame  is  a north  pole  or  N 
pole,  and  the  other  end  is  a south 
pole  or  S pole. 

Now  look  at  the  part  that  turns  in- 
side the  frame.  It  is  made  of  iron,  too. 
It  also  has  wire  wound  around  it. 
When  an  electric  current  flows 
through  the  wire,  this  part  becomes 
a magnet,  too. 

When  you  studied  magnets,  you 
learned  that  like  poles  always  repel 
each  other  and  unlike  poles  attract 
each  other.  Try  this  experiment. 
Tie  a string  around  a bar  magnet  and 
hang  it  from  a wooden  support.  Hold 
another  bar  magnet  in  your  hand 
and  bring  the  end  marked  N near  the 
N pole  of  the  hanging  magnet.  What 


happens?  Now,  as  the  magnet  turns 
halfway  around,  bring  the  S pole  of 
the  magnet  in  your  hand  near  the  S 
pole  of  the  hanging  magnet.  If  you 
keep  on  doing  this,  you  can  make  the 
hanging  magnet  turn  round  and 
round. 

An  electric  motor  works  in  the  same 
way.  The  electric  current  makes  the 
frame  a magnet,  and  it  also  makes  the 
part  that  turns  inside  the  frame  a 
magnet.  This  part  keeps  turning  as 
the  like  poles  of  the  two  magnets  re- 
pel each  other  and  the  unlike  poles 
of  the  two  magnets  attract  each  other. 
If  you  have  a small  electric  motor, 
you  can  connect  it  to  some  cells  to 
make  it  run.  Look  at  the  picture  on 
this  page.  It  shows  you  how  to  con- 
nect the  cells  and  the  motor. 

Your  mother  may  use  electric  cur- 
rent to  keep  your  clothes  clean.  She 
does  if  her  washing  machine  is  run  by 
an  electric  motor.  If  her  sewing  ma- 
chine is  an  electric  one,  there  is  a 
motor  to  move  the  needle  up  and 
down  when  she  sews.  There  is  a 
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The  energy  of  moving  water  is  keeping  Betty  cool!  If  you  look  at  these  pictures  and  read 
the  next  page,  you  will  see  how  this  can  he  true. 


motor  in  her  vacuum  cleaner.  If  you 
live  in  the  city,  you  may  ride  on 
streetcars  run  by  electric  motors.  If 
you  live  in  the  country,  you  may  use 
a motor  to  pump  water  from  the  well 
up  into  a big  tank. 

People  have  invented  a machine 
that  makes  electric  current  flow 
through  wires.  This  machine  is  called 
a generator.  A generator  may  be  run 
by  water  wheels,  steam  engines,  gas- 
oline engines,  Diesel  engines,  or  by 
the  wind.  Look  at  the  pictures  on 
page  55.  The  water  wheel  at  the  bot- 
tom of  the  dam  is  running  a gener- 
ator that  makes  electric  current  flow. 
In  the  picture  on  page  68,  the  gener- 
ator is  run  by  the  wind.  In  an  auto- 
mobile, there  is  a little  generator  for 


making  electric  current  flow.  The 
current  from  this  machine  makes  the 
spark  that  explodes  the  gasoline. 

The  second  way  of  making  electric 
current  flow  is  with  an  electric  cell. 
When  we  connect  two  or  more  cells  to 
get  current,  we  say  that  we  have  an 
electric  battery.  When  you  push  down 
on  the  starter  of  an  automobile,  an 
electric  current  from  a battery  runs 
a motor.  This  makes  the  automobile 
engine  turn  until  the  gasoline  begins 
to  explode  and  run  the  engine.  The 
cells  of  the  battery  have  energy 
stored  in  them.  This  energy  makes 
an  electric  current  flow  when  the 
battery  is  connected  to  a motor.  The 
electric  current  has  energy  that  gives 
the  force  to  turn  the  motor. 


1.  What  are  two  ways  to  make  electric  current  flow? 

2.  How  do  we  know  that  an  electric  current  has  energy? 

3.  Name  some  machines  that  are  run  by  electric  motors . 
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The  electric  current  that  comes  from  the  generator  goes  through  several  wires  before 
it  comes  into  Betty’s  house . 


How  can  one  form  of  energy  be  changed  to  another? 


Do  you  believe  what  it  says  under 
the  pictures  on  page  66?  Of 
course,  there  is  no  moving  water  in 
that  picture.  Then  how  can  Betty  be 
using  the  energy  of  moving  water? 

The  electric  fan  is  moving  the  air 
around  Betty.  It  is  moving  her  dress, 
the  window  curtain,  and  even  her 
hair.  This  moving  air  is  keeping  her 
cool.  Would  you  believe  that  Betty  is 
being  kept  cool  and  that  her  dress  is 
moved  by  the  energy  of  moving 
water? 

Betty’s  home  is  a few  miles  from  a 
river  that  has  a big  dam  in  it.  The 
rushing  water  falls  over  the  dam  and 
runs  generators  that  make  electric 
current  flow  through  wires.  The  cur- 
rent flows  through  several  wires  un- 
til it  comes  to  Betty’s  house. 


Betty  has  connected  the  electric  fan 
to  the  electric  outlet  in  her  room. 
This  connects  the  fan  with  the  wires 
that  carry  the  electric  current  from 
the  generators.  Inside  the  fan  is  an 
electric  motor.  The  energy  of  the 
electric  current  gives  the  force  that 
makes  the  motor  turn.  The  turning 
motor  moves  the  fan.  The  whirling 
fan  blades  strike  the  air  and  make 
the  air  move.  So  you  see  how  Betty 
is  being  kept  cool  by  the  energy  of 
moving  water. 

This  shows  you  a very  important 
thing  about  energy.  One  form  of 
energy  can  be  changed  into  another 
form  of  energy.  This  change  of  ener- 
gy from  one  form  to  another  is  taking 
place  all  around  you.  What  are  some 
ways  in  which  it  is  happening? 
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If  you  read  this  unit  over  again, 
you  will  find  many  examples  of  this 
change  of  energy.  In  your  body,  the 


energy  stored  in  food  is  changed  into 
the  energy  your  muscles  have. 

The  energy  of  moving  water  can  be 
changed  into  the  energy  of  electric 
current.  So  can  the  energy  of  moving 
air,  as  shown  in  the  picture.  This  wind 
generator  can  make  enough  electric 
current  for  a small  village. 

When  a steam  engine  moves,  it  is 
using  the  energy  in  steam.  This 
comes  from  the  energy  stored  in  coal, 
oil,  or  some  other  fuel.  When  the 
fuel  is  burned,  it  gives  off  heat.  Heat 
is  also  a form  of  energy. 

An  automobile  engine  gets  its  en- 
ergy from  gasoline.  The  stored  ener- 
gy in  the  gasoline  is  changed  into 
a form  of  energy  that  can  move  the 
car.  This  happens  when  the  gasoline 
explodes  in  the  engine. 

Whenever  you  see  something 
move,  you  can  be  sure  that  some- 
where some  form  of  energy  is  pro- 
ducing the  force  to  make  it  move. 


1.  How  could  explosions  keep  you  cool? 

2.  How  could  a coal  fire  keep  you  cool? 

— QUESTIONS  TO  ANSWER 


1.  Which  of  these  helps  you  most 
in  your  home?  Moving  air,  electric 
current,  steam.  What  are  the  different 
ways  in  which  it  helps  you? 

2.  How  are  moving  water,  steam, 
electric  current,  and  moving  air  all 
alike? 

3.  How  does  the  force  of  gravity 
help  us?  How  does  it  hinder  us? 


4.  Which  of  all  the  forms  of  energy 
do  you  think  helps  us  most?  Why  do 
you  think  so? 

5.  How  do  these  men  use  the  forms 
of  energy  you  have  learned  about?  A 
dentist,  a farmer,  a railroad  engineer, 
an  automobile  repairman. 

6.  Study  the  picture  on  page  58. 
What  forces  are  being  used? 
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THINGS  TO  DO 


1.  Visit  a place  where  water  is  be- 
ing used  to  make  electric  current.  Find 
out  where  the  water  wheel  is. 

2.  Find  out  how  many  forms  of 
energy  your  father  uses  to  do  his  work. 

3.  Find  out  what  form  of  energy  is 
used  to  produce  the  electric  current  in 
your  home  or  town. 

4.  If  you  have  a toy  steam  engine, 
bring  it  to  school.  Run  the  engine  to 
show  that  steam  has  force. 

5.  Write  a story  that  tells  how  the 
world  would  be  different  if  electric 
current,  steam,  gasoline,  and  moving 


air  did  not  have  force  to  make  things 
move. 

6.  Make  a list  of  things  that  you  have 
seen  being  moved  in  the  last  few  days. 

7.  People  move  things  by  exploding 
other  materials  besides  gasoline.  Find 
out 

a)  How  big  blocks  of  stone  are 
broken  loose  in  stone  quarries. 

b ) What  makes  a bullet  shoot  out  of 

a gun.  ^ 

8.  If  you  can,  look  at  a steam  loco- 
motive and  find  out  how  the  force  of 
the  steam  is  used. 


/ 
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* In  Unit  Three 

You  Will  Learn  * 

* What  a machine  is  * How 
we  use  levers  * How  we  use  inclined 
planes  * How  we  use  pulleys  * How 
we  use  a wheel  and  axle  * How  one 
wheel  can  turn  another  wheel  * How 
we  can  make  machines  work  better  * 

* How  we  can  use  machines  safely  * 


How  Is  Our  Work  Made  Easier ? 


One  stormy  night,  Jack  was 
suddenly  wakened  by  a loud, 
cracking  noise.  Then  he  heard  some- 
thing crash  outside  in  the  yard.  Jump- 
ing out  of  bed,  he  ran  to  the  window. 
It  was  just  beginning  to  get  light. 
There  on  the  ground  he  could  see  a 
big  tree  lying  across  the  driveway  to 
the  garage.  A strong  wind  had  blown 
it  down. 

“Well,”  said  Jack’s  father  as  they 
looked  at  the  tree  that  morning,  “I 
can’t  get  the  car  out  until  the  tree  is 
moved.  It’s  too  heavy  for  us  to  do. 
I’ll  have  to  get  some  men  to  move  it.” 
“How  can  they  move  a big,  heavy 
thing  like  this?”  Jack  asked.  “It  will 
take  a lot  of  men  to  lift  it.  And  if  they 
try  to  drag  it  off,  the  branches  will 
ruin  our  lawn.” 

“Wait  and  see,  Jack,”  laughed  his 
father.  “The  men  will  probably  be 
here  this  afternoon.” 


I 

i 


That  afternoon,  Jack  hurried  home 
from  school.  The  men  were  al- 
ready working.  It  was  fun  to  watch 
them.  First,  they  chopped  off  all  the 
branches  with  axes.  Next,  they  used 
a big  saw  to  cut  the  tree  into  short 
logs.  Then  with  wedges  they  split  the 
logs  into  smaller  pieces.  Jack  could 
lift  some  of  these  pieces  himself.  He 
helped  the  men  pile  them  up. 

Now  Jack  saw  how  a few  men 
could  move  a big,  heavy  tree.  They 
used  tools  to  make  their  work  easier. 
Tools  are  helpers.  They  help  us  make 
better  use  of  the  force  of  our  muscles 
and  of  the  other  forces  you  read  about 
in  Unit  Two.  Many  times  every  day, 
we  use  tools  and  other  helpers  in  our 
work.  Scientists  have  a name  for  all 
these  helpers  that  we  use.  They  call 
them  machines.  In  this  unit,  you  will 
learn  why  many  things  you  use  are 
called  machines. 
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What  is  being  done  in  these  pictures?  How  could  these  things  be  done  more  easily? 


What  is  a machine? 


When  you  think  of  a machine, 
you  probably  think  of  some- 
thing like  an  automobile  or  a lo- 
comotive. They  are  machines.  But 
a hammer  or  even  a can  opener  is 
just  as  truly  a machine  as  a loco- 
motive or  an  automobile.  You  may 
be  surprised  to  learn  that  all  of 
these  things  are  machines — orange 
squeezer,  knife,  wheelbarrow,  broom, 
windmill,  scissors,  egg  beater,  pencil 
sharpener,  bicycle.  Can  you  tell  why 
each  one  is  a machine? 

A hammer,  a pencil  sharpener,  and 
a bicycle  do  not  look  alike.  Machines 


have  many  shapes  and  sizes,  but  there 
is  one  way  in  which  all  machines  are 
alike.  Every  machine  can  be  used  to 
make  our  work  easier.  A machine  is 
a helper.  We  use  machines  to  do  a 
great  deal  of  our  work.  They  help 
us  cut,  mix,  bend,  straighten,  lift, 
push,  and  pull  things. 

We  can  do  many  things  with  ma- 
chines that  we  cannot  do  without 
their  help.  Men  could  not  break  a big 
tree  into  small  pieces  with  just  the 
force  of  their  muscles.  But  with  axes, 
saws,  and  wedges  they  can  easily  do 
it.  Machines  make  work  easier. 
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You  can  see  this  for  yourself.  Cut 
an  orange  in  two  and  squeeze  the  juice 
out  of  one  half  with  your  hands.  Was 
it  easy  to  do?  Did  you  get  out  all  the 
juice?  Now  use  an  orange  squeezer 
to  get  the  juice  from  the  other  half. 
Was  it  easier  to  do  this  time?  Did  you 
get  out  more  juice?  The  orange 
squeezer  made  your  work  easier,  and 
it  helped  you  do  a better  job. 

Big  machines  and  even  some  little 
machines  are  made  of  many  parts. 
You  know  that  locomotives,  auto- 


mobiles, bicycles,  watches,  and  sew- 
ing machines  have  many  parts.  But 
do  you  know  that  all  these  machines 
are  made  of  a few  kinds  of  simple 
machines  put  together  in  different 
ways?  In  each  simple  machine,  there 
are  only  a few  parts. 

If  you  could  take  a watch,  an  auto- 
mobile, or  an  airplane  apart,  you 
would  find  the  same  kinds  of  simple 
machines  in  each  one.  Let  us  see  what 
these  simple  machines  are  and  find 
out  how  they  make  our  work  easier. 


1.  Why  do  we  use  machines? 

2.  Name  as  many  different  machines  as  you  can  and  tell  how  each 

one  helps  us. 

How  do  we  use  levers? 


Did  you  ever  play  on  a seesaw? 

You  sit  on  one  end  of  a long 
board,  and  another  boy  or  girl  sits  on 
the  other  end.  In  the  middle,  there  is 
a support  that  holds  the  board  up. 
To  make  the  seesaw  go,  you  push 
against  the  ground  with  your  feet. 
This  push  lifts  your  end  of  the  board 
and  makes  the  other  end  go  down. 
Then  the  other  child  pushes  with  his 
feet,  and  so  on.  In  this  way,  you  can 
keep  going  up  and  down. 

You  probably  noticed  that  the  see- 
saw works  better  if  you  balance  the 
board  first.  This  is  easy  to  do  if  both 
of  you  weigh  about  the  same.  Each 
one  sits  at  the  same  distance  from 


the  support  in  the  middle  of  the 
board.  Gravity  pulls  down  on  each 
of  you  with  about  the  same  force,  and 
the  board  balances.  It  takes  only  a 
little  push  with  the  feet  to  make  the 
seesaw  go. 

But  what  happens  if  one  of  you 
weighs  much  more  than  the  other? 
Gravity  pulls  with  more  force  on  the 
heavier  child.  His  end  of  the  board 
comes  down  with  a bump,  and  the 
other  end  flies  up.  To  make  the  seesaw 
go,  the  heavier  child  has  to  push  hard 
with  his  feet.  The  other  child  does 
not  have  to  push  at  all. 

Do  you  know  how  the  lighter  child 
can  lift  the  heavier  child  and  make 
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the  board  balance?  If  there  is  a see- 
saw on  your  school  playground,  you 
can  easily  find  out.  Have  a heavier 
child  sit  on  one  end  of  the  board  while 
you  sit  on  the  other.  What  happens? 
Now  you  move  closer  to  the  support 
in  the  middle.  Can  you  lift  the  heavier 
child?  Sit  on  the  end  of  the  board 
again.  Then  have  the  heavier  child 
move  closer  to  the  support.  What 
happens  this  time?  Can  you  lift  the 
heavier  child  now? 

A seesaw  is  really  a simple  ma- 
chine. Scientists  call  this  kind  of 
simple  machine  a lever.  The  board  of 
a seesaw  is  held  up  by  a support.  This 
support  is  the  fulcrum  of  the  lever. 
Of  course,  most  levers  are  not  just 


playthings  like  a seesaw.  We  use 
them  to  make  our  work  easier. 

You  can  easily  make  a lever  and  do 
some  experiments  with  it.  Then  you 
can  see  why  a lever  is  such  a useful 
helper.  Get  a board  about  three  feet 
long  and  three  inches  wide.  Use  a 
small,  three-sided  block  of  wood  about 
two  inches  high  as  a support  for  the 
board.  This  support  is  the  fulcrum  of 
the  lever. 

First,  see  if  you  can  use  this  lever 
to  make  a light  book  lift  a heavier 
book.  Set  the  board  on  the  block  so 
that  there  is  twice  as  much  of  the 
board  on  one  side  of  the  block  as  there 
is  on  the  other  side.  One  end  of  the 
lever  should  be  one  foot  long  and  the 
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other  end  two  feet  long.  Put  the 
heavy  book  on  the  short  end.  What 
happens  to  the  other  end  of  the  lever?  , 
Now  set  the  light  book  on  the  long 
end  of  the  lever.  Does  it  lift  the 
heavy  book?  Which  book  is  closer  to 
the  fulcrum? 

Try  another  experiment  with  the 
lever.  Get  two  small  boxes  of  the 
same  size.  Fill  one  box  with  sand, 
stones,  or  anything  heavy  until  it 
weighs  two  pounds.  Set  the  lever 
just  as  you  had  it  before.  Put  the  box 
that  weighs  two  pounds  on  the  short 
end.  Then  set  the  empty  box  on  the 
other  end.  Put  sand  or  stones  in  this 
box  until  it  lifts  the  other  box. 

Take  the  box  off  the  long  end  of  the 
lever.  How  much  does  this  box 
weigh?  Is  it  lighter  or  heavier  than 
the  two-pound  box?  Which  box  was 


closer  to  the  fulcrum?  What  does  this 
tell  you  about  using  a lever? 

You  know  that  the  weight  of  any- 
thing is  really  the  force  with  which 
gravity  pulls  it  down.  We  measure 
this  force,  called  weight,  in  pounds. 
And  we  can  measure  any  other  force 
in  pounds,  too.  When  you  lift  a two- 
pound  box,  your  muscles  must  pull 
up  with  a force  of  two  pounds. 

In  the  experiment,  you  found  that 
the  box  on  the  long  end  of  the  lever 
weighed  about  one  pound.  So  a force 
of  one  pound  on  the  long  end  of  the 
lever  lifted  a weight  of  two  pounds  on 
the  short  end.  The  weight  was  closer 
to  the  fulcrum  than  the  force  was. 
The  lever  increased  the  force. 

Look  at  the  picture  below.  One 
boy  is  lifting  five  boys.  How  can  he 
do  it? 
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How  are  these  children  using  levers  to  help  them? 


A lever  is  very  useful,  because  a 
small  force  on  the  long  end  will  lift 
a much  heavier  weight  on  the  short 
end.  The  lever  increases  the  force. 
But  did  you  notice  another  thing?  It 
changes  the  direction  of  the  force,  too. 
With  this  lever  you  can  lift  some- 
thing up  by  pushing  down!  It  is 
easier  to  push  down  than  to  pull  up. 

Do  you  see  why  this  is  true?  When 
you  push  down,  the  force  of  gravity 
is  added  to  the  force  of  your  muscles. 
But  when  you  pull  up,  the  force  of 
your  muscles  must  pull  against  the 
force  of  gravity. 

By  using  a lever,  you  can  do  things 
that  you  could  not  do  at  all  without 
it.  Drive  a nail  or  a tack  part  way  into 
a board  but  leave  the  head  sticking 


out.  Take  hold  of  the  head  with  your 
fingers  and  pull  as  hard  as  you  can. 
Did  the  nail  or  tack  come  out  of  the 
board?  Now  use  a claw  hammer  or 
a tack  puller.  Do  you  see  how  easy  it 
is  to  pull  the  nail  or  tack?  A claw 
hammer  or  a tack  puller  is  a lever. 
The  place  where  it  rests  against  the 
board  is  the  fulcrum. 

You  can  use  a lever  to  lift  a big, 
heavy  stone.  All  you  need  is  a strong 
iron  bar  and  a smaller  stone.  Put  one 
end  of  the  bar  under  the  big  stone.  Set 
the  small  stone  under  the  bar  so  that 
the  bar  rests  on  it.  The  small  stone  is 
the  fulcrum  of  the  lever.  To  lift  the 
big  stone  with  the  least  force,  have 
the  small  stone  as  close  to  it  as  pos- 
sible. Why?  Now  push  down  on  the 


* 
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other  end  of  the  lever.  Do  you  see 
how  you  can  lift  the  big  stone  up  by 
pushing  down? 

Look  at  the  picture  of  the  nut- 
cracker on  this  page.  How  does  it 
break  a nut  open?  Notice  where  the 
force  is  put  to  crack  the  nut.  You 
push  the  ends  of  the  handles  together 
with  your  hands.  Can  you  find  the 
fulcrum?  The  fulcrum  is  the  hinge 
at  the  other  end.  This  nutcracker  is 
a lever,  but  it  is  not  the  same  kind  as 
the  one  you  used  before. 


The  picture  of  the  sugar  tongs 
shows  still  another  kind  of  lever.  The 
fulcrum  is  at  one  end  just  as  in  the 
nutcracker.  But  to  close  the  tongs, 
you  put  the  force  on  the  sides  instead 
of  putting  it  on  the  ends.  There  are 
three  main  kinds  of  levers,  but  they 
are  all  alike  in  one  way.  Every  lever 
has  three  parts — a fulcrum,  a part 
where  the  force  is  put,  and  a part 
where  the  work  is  done.  Look  for 
levers  at  home,  at  school,  and  in  other 
places. 


CROWBAR 


SCISSORS 


NUTCRACKER 


SNOW  SHOVEL 


TACK  PULLER 


ROWBOAT 


BROOM 


SUGAR  TONGS 


BASEBALL  BAT 


1.  Look  at  the  pictures  of  levers  on  this  page.  Then  for  each  lever 

tell  where  the  fulcrum  is,  where  the  force  is  put,  and  where  the 
work  is  done.  Why  is  each  lever  useful? 

2.  You  want  to  use  a lever  to  lift  a weight  with  the  least  force.  Where 

should  you  put  the  fulcrum? 

3.  Tell  how  you  can  use  a lever  to  lift  something  up  hy  pushing  down. 

4.  When  you  are  playing  on  a seesaw  with  a child  that  weighs  less 

than  you,  which  one  of  you  should  move  nearer  the  middle  of 
the  hoard  to  make  it  balance?  If  you  could  move  the  hoard, 
should  you  sit  on  the  long  end  or  the  short  end?  Why? 


Here  are  two  ways  in  which  inclined  planes  are  used.  Watch  to  see  if  you  can  find 
some  other  ways, 

How  do  we  use  inclined  planes? 


You  have  probably  watched  men 
loading  boxes  and  barrels  into  a 
truck.  The  floor  of  the  truck  is  several 
feet  above  the  ground.  If  the  boxes 
and  barrels  are  not  too  heavy,  the 
men  just  pick  them  up  and  set  them 
in  the  truck.  But  if  they  are  hard  to 
lift,  the  men  use  another  way  to  get 
them  up.  One  or  more  planks  are 
used  to  make  a slope  from  the  ground 
up  to  the  floor  of  the  truck.  Then  the 
men  slide  the  boxes  and  roll  the  bar- 
rels up  the  slope. 

The  slope  made  of  planks  is  really 
a kind  of  simple  machine.  Scientists 
call  it  an  inclined  plane.  Inclined 
means  sloping  or  slanting.  A plane 


is  any  flat  surface.  The  floor  of  your 
room  is  a plane.  So  is  the  top  of 
a desk  or  table.  An  inclined  plane  is 
a flat  surface  that  is  sloping  or  slant- 
ing. In  a theater,  the  floor  often  slants 
or  slopes.  So  it  is  really  an  inclined 
plane. 

You  can  make  an  inclined  plane 
and  use  it  to  do  an  experiment.  Get 
a smooth  board  about  four  feet  long 
and  six  inches  wide.  Near  one  end  of 
a table,  put  a stack  of  books  about  one 
foot  high.  Let  one  end  of  the  board 
rest  on  the  stack  of  books  and  the 
other  end  on  the  table.  Because  the 
board  is  sloping  or  slanting,  it  is  now 
an  inclined  plane. 
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Now  let  us  see  how  we  can  use 
this  machine  to  make  our  work  easier. 
Tie  a strong  cord  around  a big  diction- 
ary or  any  other  heavy  weight.  Take 
hold  of  the  cord  with  one  hand  and 
lift  the  dictionary  from  the  table  to 
the  top  of  the  stack  of  books.  Was  it 
hard  to  do? 

Set  the  dictionary  on  the  table 
again.  Slip  the  hook  of  a spring  bal- 
ance under  the  cord.  Then  lift  up  on 
the  ring  and  weigh  the  dictionary. 
How  many  pounds  does  it  weigh? 
How  much  force  did  you  use  to  lift  it 
onto  the  stack  of  books?  To  lift  the 
dictionary,  you  must  pull  up  with 
just  as  many  pounds  of  force  as  the 
dictionary  weighs. 

Put  the  dictionary  at  the  bottom  of 
the  inclined  plane.  Take  hold  of  the 
cord  with  one  hand  and  pull  the  dic- 
tionary up  the  slope  to  the  top.  Was 
it  easier  to  pull  the  dictionary  up  the 


inclined  plane  than  to  lift  it  straight 
up? 

You  can  use  the  spring  balance  to 
find  out  how  much  force  it  takes  to 
pull  the  dictionary  up  the  inclined 
plane.  Put  the  dictionary  at  the  bot- 
tom again.  Slip  the  hook  of  the 
spring  balance  under  the  cord  and 
take  hold  of  the  ring.  Now  pull  slow- 
ly and  evenly  up  along  the  sloping 
board.  As  you  pull,  look  at  the  spring 
balance  and  see  how  many  pounds 
of  force  it  takes  to  move  the  dic- 
tionary. It  takes  fewer  pounds  of 
force  than  the  dictionary  weighs. 

If  you  were  rolling  a barrel  up  into 
a wagon,  would  you  use  a long  board 
or  a short  board  for  an  inclined 
plane?  You  can  find  out  which  is 
easier  if  you  do  another  experiment. 
This  time  use  a board  about  twice  as 
long  as  the  one  you  used  before.  What 
did  you  find  out? 
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Inclined  planes  make  it  easier  to 
lift  things.  When  horses,  cows,  sheep, 
or  pigs  are  loaded  into  railroad  cars 
or  trucks,  they  walk  up  an  inclined 
plane.  A road  over  a hill  or  a moun- 
tain is  an  inclined  plane,  too.  You 
probably  use  a tool  that  is  an  inclined 
plane  every  day.  Can  you  guess  how 
you  do  this? 

Every  time  you  use  a knife  or  any 
other  cutting  tool,  you  are  using  a 
kind  of  inclined  plane.  Look  at  the 
picture  of  the  wedge.  If  you  lay  a 
wedge  on  one  of  its  flat  sides,  the  other 
flat  side  makes  an  inclined  plane.  How 
many  inclined  planes  are  there  in  a 
wedge?  Now  look  at  the  pictures  of 
the  knife,  the  ax,  and  the  plow.  How 
many  inclined  planes  can  you  find  in 
each  one? 


Knives,  axes,  and  plows  are  kinds 
of  wedges.  And  a wedge  is  really  two 
inclined  planes  joined  together.  If 
you  drive  a wedge  into  a piece  of 
wood,  the  thin  edge  goes  in  first.  As 
the  thicker  part  follows,  the  wood 
splits  sideways.  When  you  cut  with  a 
knife  or  chop  with  an  ax,  the  same 
thing  happens.  As  a plow  is  pulled 
forward,  it  pushes  the  soil  out  to  the 
sides. 

You  can  find  many  other  uses  of  in- 
clined planes  if  you  keep  your  eyes 
open.  The  sharp  teeth  of  a saw  are 
tiny  inclined  planes.  Look  at  your 
own  teeth,  especially  the  ones  in  front 
that  you  use  to  bite  off  food.  Look  at 
the  catch  on  a door.  Can  you  find  an 
inclined  plane  in  the  catch  that  holds 
a door  shut? 


80  UNIT  THREE 


Now  let  us  find  another  use  of  in- 
clined planes.  Look  at  the  picture 
of  screws  on  this  page.  A screw 
is  really  a kind  of  inclined  plane. 
Take  a square  piece  of  paper  and  cut 
a three-sided  piece  from  it.  Stand 
this  piece  on  one  of  its  short  sides.  Do 
you  see  that  the  long  side  makes  an 
inclined  plane?  Now  wrap  this  piece 
of  paper  around  a pencil,  as  shown  in 
the  picture.  The  edge  of  the  paper 
makes  a line  around  the  pencil  like 
the  edge  of  a screw. 


A screw  is  an  inclined  plane  that 
winds  around  as  it  climbs.  If  you  had 
a screw  that  was  big  enough,  you 
could  start  at  the  bottom  and  walk 
up  the  winding  inclined  plane  to  the 
top.  Because  screws  can  pull  or  push 
with  great  force,  we  use  them  to  hold 
pieces  of  wood  or  metal  tightly  to- 
gether. A screw  turned  by  a lever  is 
used  to  make  a machine  that  can  lift 
very  heavy  weights  with  only  a small 
force.  This  machine  is  called  a jack- 
screw,  or  often  just  a jack. 


2.  How  could  you  show  that  it  is  easier  to  pull  a load  up  an  inclined 
plane  than  to  lift  it  straight  up? 

2.  Give  some  examples  of  inclined  planes  that  you  have  seen  being 

used.  Tell  how  each  one  made  the  work  easier. 

3.  Name  two  kinds  of  machines  that  are  really  inclined  planes.  How 

is  an  inclined  plane  used  to  make  each  one? 

4.  What  are  the  two  different  kinds  of  simple  machines  used  in  a 

pair  of  scissors? 


How  do  we  use  pulleys? 


Can  you  imagine  a world  without 
wheels?  You  would  not  have  a 
bicycle,  a wagon,  or  roller  skates. 
There  would  be  no  automobiles, 
streetcars,  trains,  or  airplanes.  Wind- 
mills, water  wheels,  steam  engines, 
gasoline  engines,  and  electric  motors 
would  not  supply  energy  to  help  us 
do  our  work.  To  move  anything,  we 
would  have  to  lift,  drag,  or  shove  with 
the  force  of  our  muscles  or  the 
muscles  of  animals. 

Wheels  are  among  the  most  useful 
things  ever  invented.  We  use  wheels 
in  many  different  kinds  of  machines. 
Yet  the  Indians  did  not  know  how  to 
make  a wheel  until  people  from 
Europe  came  to  America  and  showed 
them  how.  There  are  savage  tribes  in 
Africa  and  Asia  that  know  how  to  use 
levers  and  inclined  planes.  But  they 
never  use  wheels.  So,  of  course,  they 
do  not  have  any  machines  that  are 
made  with  wheels. 

One  of  the  kinds  of  simple  machines 
is  called  a 'pulley.  A pulley  is  a wheel 


held  so  that  it  can  turn  easily.  A rope 
or  a chain  or  something  like  it  goes 
over  the  wheel.  Usually  there  is  a 
groove  in  the  rim  of  the  wheel  to  keep 
the  rope  or  chain  from  slipping  off. 
Pulleys  are  made  of  wood,  metal,  or 
some  other  hard  material. 

If  you  do  not  have  a pulley,  you  can 
make  one.  Get  a strong  spool  and  a 
large  nail  that  will  slip  easily  through 
the  hole  in  the  spool.  Then  get  three 
small  pieces  of  wood.  Nail  the  pieces 
together,  as  shown  in  the  picture. 
Now  you  are  ready  to  fasten  the  spool 
in  the  frame  you  have  made.  Drive 
the  large  nail  through  one  of  the  side- 
pieces  of  the  frame.  Put  the  pointed 
end  of  the  nail  in  the  hole  of  the  spool. 
Then  drive  the  nail  through  the  hole 
and  the  other  sidepiece.  Put  a screw 
eye  in  the  crosspiece  of  the  frame  so 
that  you  can  hang  the  pulley  up. 

Now  you  can  do  some  experiments 
to  see  how  we  use  pulleys.  Put  a hook 
or  nail  in  the  wall  up  above  your 
head.  Hang  the  pulley  up  by  slipping 
the  screw  eye  over  the  hook  or  nail. 
Put  a strong  piece  of  cord  over  the 
pulley  wheel.  Have  the  cord  long 
enough  so  that  both  ends  touch  the 
floor.  Tie  any  small  weight  to  one  end 
of  the  cord.  Then  pull  down  on  the 
other  end.  As  you  pull  down,  the 
weight  goes  up.  Like  the  lever  you 
used  in  another  experiment,  this  pul- 
ley changes  the  direction  of  the  force. 
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These  pictures  show  you  how  a fixed  pulley  is  used  to  lift  things. 


It  helps  us  do  work  by  moving  things 
in  one  direction  while  we  pull  in 
another  direction. 

Fill  a pail  or  basket  with  sand, 
stones,  or  anything  heavy.  Then  lift 
this  weight  above  your  head.  That 
was  not  very  easy  to  do,  was  it?  Use 
a spring  balance  to  find  out  how  many 
pounds  you  lifted.  How  much  force 
did  you  use?  Now  see  if  you  can  lift 
the  weight  more  easily  by  using  a 
pulley. 

Tie  one  end  of  the  cord  to  the 
handle  of  the  pail  or  basket.  Pull 
down  on  the  other  end  of  the  cord 
until  the  weight  is  above  your  head. 
Was  it  easy  to  lift  the  weight  when 
you  used  the  pulley?  Let  the  weight 
down.  Tie  the  ring  of  the  spring 


balance  to  the  other  end  of  the  cord. 
Take  hold  of  the  hook  and  pull  down 
slowly  and  evenly.  As  you  pull,  look 
at  the  spring  balance  and  see  how 
many  pounds  of  force  it  takes  to  lift 
the  weight. 

When  you  used  the  pulley,  you 
found  that  it  was  easy  to  lift  the 
weight  above  your  head.  It  took  as 
much  force  as  without  the  pulley,  but 
it  was  easier  to  do.  You  already  know 
that  it  is  easier  to  push  down  with  a 
lever  than  to  lift  up.  It  is  also  easier 
to  pull  down  with  a pulley.  The 
weight  of  your  body  helps  you  pull 
down  or  push  down. 

The  pulley  used  in  the  experiments 
is  called  a fixed  pulley  because  it  is 
fastened,  or  fixed.  It  stays  in  one 
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place,  and  only  the  weight  and  cord 
move.  A fixed  pulley  does  not  increase 
the  force.  But  it  does  make  our  work 
easier  by  changing  the  direction  of  the 
force.  We  can  use  it  to  lift  things 
higher  than  our  heads  by  pulling 
down  on  a rope. 

How  does  the  flag  get  to  the  top  of 
your  school  flagpole?  No  one  climbs 
the  pole.  Before  the  flagpole  was  set 
up,  a fixed  pulley  was  fastened  to  the 
top.  Then  a long  rope  was  run  over 
the  pulley  wheel.  To  raise  the  flag, 
all  you  need  to  do  is  fasten  it  to  the 
rope  and  then  pull  down.  Up  goes  the 
flag  to  the  top  of  the  pole!  As  you  pull 
in  one  direction,  the  flag  moves  in  the 
other  direction.  A pulley  helps  us  be- 
cause we  can  lift  things  above  our 
heads  by  pulling  down. 

In  your  schoolroom,  you  can  find 
another  use  of  fixed  pulleys.  Go  to 
one  of  the  windows  and  lift  it.  The 
window  is  probably  big  and  heavy. 
Why  can  you  raise  it  so  easily?  Look 
up  near  the  top  of  the  window.  Do 


you  see  pulleys  on  each  side?  Each 
side  of  the  window  is  fastened  to  a 
rope  or  chain  that  goes  over  a fixed 
pulley.  Inside  the  window  casing  on 
each  side  of  the  window  is  a weight 
fastened  to  the  other  end  of  the  rope 
or  chain.  You  can  see  the  rope  and 
the  weight  for  one  side  of  a window 
in  the  picture  on  this  page.  The  two 
weights  are  almost  heavy  enough  to 
pull  the  window  up  by  themselves.  It 
takes  only  a little  of  your  force  to 
raise  the  window. 

The  other  picture  shows  one  way  in 
which  a farmer  uses  fixed  pulleys  to 
lift  hay  up  into  his  barn.  Near  the  top 
of  one  end  of  the  barn  is  a pulley.  On 
a short  post  just  outside  the  barn  door 
is  another  pulley.  A rope  goes  from 
the  horses,  over  the  pulleys,  through 
the  barn,  and  down  to  the  load  of  hay. 
When  the  horses  pull  on  the  rope  at 
one  end  of  the  barn,  the  hay  goes  up 
to  the  opening  near  the  top  of  the 
other  end.  The  hay  then  slides  along 
a track  into  the  barn. 
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As  you  can  see,  fixed  pulleys  are 
very  useful.  But  we  also  use  pulleys 
in  another  way.  An  experiment  will 
show  you  how  we  do  this.  Tie  one 
end  of  a strong  cord  to  a hook  or  nail 
high  up  on  the  wall.  Then  attach  any 
small  weight  to  the  screw  eye  in  the 
pulley  frame.  Put  the  cord  through 
the  pulley  and  then  pull  up  on  the 
other  end  of  the  cord.  As  you  pull  up, 
the  pulley  moves  up,  carrying  the 
weight  up  with  it.  A pulley  used  in 
this  way  is  called  a movable  pulley 
because  it  moves  along  the  cord. 

If  you  do  another  experiment,  you 
can  discover  how  a movable  pulley 
helps  make  our  work  easier.  Fill  a 
pail  or  basket  with  sand,  stones,  or 
anything  heavy.  Use  a spring  balance 
to  find  out  how  much  it  weighs.  How 


much  force  does  it  take  to  lift  the 
weight?  Now  fasten  the  weight  to  the 
screw  eye  in  the  pulley  frame.  Tie 
the  hook  of  the  spring  balance  to  the 
free  end  of  the  cord.  Take  hold  of  the 
ring  of  the  spring  balance  and  pull  up 
until  you  lift  the  weight. 

Look  at  the  spring  balance  and  see 
how  many  pounds  of  force  you  must 
use  to  lift  the  weight.  How  much 
force  did  it  take  to  lift  the  weight 
without  the  pulley?  Did  it  take  more 
force  or  less  force  to  lift  the  weight 
with  the  pulley?  How  does  a movable 
pulley  make  your  work  easier?  The 
hook  or  nail  to  which  the  cord  is  tied 
holds  up  half  the  weight.  So  you 
need  to  lift  only  the  other  half.  Actu- 
ally, you  must  lift  a little  more  than 
half  for  a reason  you  will  learn  later. 
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With  a movable  pulley,  you  can  lift 
a heavy  weight  with  a much  smaller 
force.  If  you  lift  a weight  of  ten 
pounds  with  a fixed  pulley,  you  have 
to  pull  with  a force  of  about  ten 
pounds.  But  if  you  lift  a weight  of 
ten  pounds  with  a movable  pulley, 
you  have  to  use  a force  of  only  about 
five  pounds. 

Often  several  pulley  wheels  are  set 
side  by  side  in  one  frame  of  wood  or 
metal.  The  frame  and  the  pulley 
wheels  are  called  a pulley  block.  Two 
pulley  blocks  and  the  rope  that  runs 
over  their  wheels  are  called  a block 
and  tackle.  The  pictures  on  this  page 
show  how  a block  and  tackle  is  used. 
The  more  pulley  wheels  there  are  in 
the  block,  the  easier  it  is  to  lift  a 
weight. 


You  can  see  that  this  is  true  if  you 
do  an  experiment.  Use  one  fixed  pul- 
ley and  one  movable  pulley  to  lift  a 
weight,  as  shown  in  the  first  picture. 
With  the  spring  balance,  measure  the 
amount  of  force  you  need  to  lift  the 
weight.  Then  use  a fixed  pulley  block 
with  two  pulley  wheels  and  a movable 
pulley  block  with  two  pulley  wheels, 
as  shown  in  the  second  picture.  With 
the  spring  balance,  measure  the  force 
you  need  to  lift  the  weight  this  time. 
Was  it  much  easier  to  lift  the  weight 
when  you  used  more  pulley  wheels? 

Pulley  blocks  are  used  in  cranes  and 
derricks  to  lift  heavy  loads,  such  as 
big  pieces  of  steel.  They  are  also  used 
to  raise  and  lower  elevators  in  tall 
buildings  or  lifeboats  on  ships.  Pianos 
and  safes  are  lifted  to  the  upper  stories 
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The  painters  pull  their  platform  up  to  the  top  of  the  building  with  pulley  blocks.  How 
are  the  men  in  the  other  picture  able  to  lift  the  heavy  lifeboat? 


of  buildings  with  pulley  blocks.  Look 
at  the  pulleys  in  the  pictures  on  this 
page. 

Now  let  us  see  what  we  have 
learned  about  pulleys.  They  make  our 
work  easier  in  two  different  ways. 
With  a fixed  pulley,  we  can  change  the 
direction  of  a force.  By  pulling  down 
on  a rope,  we  can  lift  things  up  above 


our  heads  or  to  places  where  it  is  hard 
to  go.  It  takes  just  as  much  force  as  it 
would  without  the  pulley,  but  we  can 
use  the  weight  of  our  bodies  to  help 
us  pull  down.  With  a movable  pulley 
or  several  pulleys  together,  we  can  lift 
heavy  weights  with  much  less  force 
than  we  could  if  we  did  not  use 
the  pulleys. 


I 

i 


1. 

2. 

3. 

4. 

5. 


In  what  two  ways  do  pulleys  make  our  work  easier? 

Tell  how  you  could  use  a pulley  to  lift  fifty  pounds  with  a force  of 
only  about  twenty-five  pounds. 

If  a weight  is  very,  very  heavy,  would  you  use  one  pulley  or  sev- 
ered pulleys  to  lift  it?  Why? 

Tell  what  you  have  learned  about  each  of  these. 

Fixed  pulley  Movable  pulley  Pulley  block  Block  and  tackle 
Make  a list  of  all  the  uses  of  pulleys  that  you  can  find. 


i 

'■ 
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How  do  we  use  a wheel  and  axle? 


Awheel  is  used  in  another  kind 
of  simple  machine.  This  kind  is 
called  a wheel  and  axle.  The  rod  that 
goes  through  the  center  of  a wheel  is 
the  axle.  The  wheel  of  a pulley  turns 
freely  on  an  axle.  But  in  a wheel- 
and-axle  machine,  the  wheel  is  fas- 
tened firmly  on  the  axle.  When  either 
the  wheel  or  the  axle  is  turned,  the 
other  one  turns,  too. 

You  can  build  a wheel-and-axle 
machine.  Get  a wide  board  at  least 
one  inch  thick.  Draw  a circle  six 
inches  across  on  the  board.  Cut  out 
the  circle  with  a saw.  Then  draw  a 
circle  two  inches  across  on  the  board 
and  cut  it  out.  In  the  center  of  each 
circle,  bore  a hole  just  big  enough  to 
force  a round  pencil  through.  The 
large  circle  will  be  the  wheel,  and  the 
small  circle  will  be  the  axle. 


Cut  two  large  circles  and  one  small 
circle  from  cardboard.  These  should 
be  just  a little  bigger  than  the  wooden 
circles.  Tack  the  cardboard  circles  to 
the  wooden  circles,  as  shown  in  the 
picture.  Punch  a hole  in  the  center  of 
each  cardboard  circle  so  that  you  can 
put  a round  pencil  through  it. 

Now  put  the  axle  on  the  wheel  so 
that  the  holes  fit  right  together.  Nail 
the  axle  to  the  wheel.  Force  the  pen- 
cil through  the  holes.  If  it  does  not  fit 
tightly,  use  glue  to  fasten  it.  Put  a 
tack  in  the  rim  of  each  wooden  circle. 
Tie  a cord  to  each  tack. 

Make  a frame  from  three  pieces  of 
wood,  as  shown  in  the  picture.  Nail 
the  pieces  together.  Cut  a notch  in 
the  top  of  each  upright  piece.  Set  the 
pencil  in  the  notches.  Clamp  or  hold 
the  frame  on  the  edge  of  a table. 

Get  a stone  or  any  weight  and 
weigh  it.  Wind  the  cord  around  the 
axle  several  times.  Tie  the  weight  to 
the  end  of  this  cord.  Now  wind  the 
other  cord  around  the  wheel  several 
times.  Attach  a spring  balance  to  this 
cord.  Pull  down  on  the  spring  bal- 
ance until  the  wheel  turns  and  lifts 
the  weight.  How  much  does  the 
weight  weigh?  How  much  force  lifts 
it?  What  does  this  show? 

You  can  find  a wheel-and-axle  ma- 
chine in  your  schoolroom.  Do  you 
know  what  it  is?  It  is  a doorknob! 
Perhaps  you  never  thought  of  the 
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knob  as  a wheel.  It  does  not  have 
spokes  as  some  wheels  do,  but  it  is 
a wheel  just  the  same.  The  knob 
is  fastened  firmly  to  a rod  that  runs 
through  its  center.  This  rod  is  the 
axle.  When  the  knob  is  turned,  the 
rod  also  turns  and  moves  a catch  in- 
side the  door. 

Let  us  see  how  this  wheel-and- 
axle  machine  makes  our  work  easier. 
Use  a screwdriver  to  loosen  the  little 
screw  that  holds  the  knob  on  the  rod. 
Take  the  screw  out  and  remove  the 
knob.  Now  try  to  turn  the  rod  with 
your  fingers.  Can  you  make  the 
catch  move?  Then  put  the  knob  back 
on  the  rod.  Turn  the  knob  with  your 
hand.  Is  it  easier  to  make  the  catch 
move  now? 

A wheel  and  axle  helps  us  do  our 
work.  We  can  use  it  to  increase  a 


force.  A little  force  on  the  knob 
produces  a larger  force  on  the  rod. 
A wheel  and  axle  acts  like  the  lever 
you  used  in  an  experiment.  You 
remember  that  a small  force  on  the 
long  end  of  the  lever  moved  a heavy 
weight  on  the  short  end.  The  steer- 
ing wheel  of  an  automobile  or  bus  is 
a wheel  and  axle.  You  know  that  you 
could  not  steer  an  automobile  just  by 
turning  the  rod  to  which  the  wheel 
is  fastened. 

If  you  look  around  your  school- 
room again,  you  can  probably  find 
another  wheel-and-axle  machine.  Is 
the  pencil  sharpener  turned  by  a 
crank?  The  crank  is  really  a spoke 
on  a wheel.  Instead  of  turning  the 
whole  wheel,  you  just  turn  one  spoke. 
The  crank  turns  the  axle,  and  the 
axle  moves  the  blades  inside  the 
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pencil  sharpener.  The  crank  of  an 
egg  beater,  a meat  grinder,  or  a 
clothes  wringer  is  really  a spoke  on 
a wheel,  too. 

Without  the  crank,  you  would  have 
a hard  time  making  a pencil  sharpen- 
er, an  egg  beater,  or  a clothes  wring- 
er turn.  When  a big  wheel  or  a long 
spoke  is  fastened  to  a small  axle,  a 
little  force  on  the  wheel  or  the  spoke 
will  move  a heavy  weight  attached  to 


the  axle.  That  is  one  reason  why  we 
use  a wheel  and  axle  in  so  many  ways. 

The  picture  on  the  right  at  the  top 
of  this  page  shows  another  wheel- 
and-axle  machine.  You  may  have 
seen  a machine  like  this  on  the  back 
of  an  automobile  repair  truck.  Can 
you  find  the  part  that  is  the  wheel 
and  the  part  that  is  the  axle?  How 
does  the  machine  help  lift  a heavy 
automobile? 


1.  A pulley  has  both  a wheel  and  an  axle.  Why  is  it  not  called  a 

wheel-and-axle  machine? 

2.  When  you  use  a wheel-and-axle  machine  to  increase  your  force, 

should  you  use  your  force  on  the  wheel  or  the  axle? 

3.  Why  is  a doorknob  a wheel-and-axle  machine? 

4.  Why  is  a large  wheel  used  on  the  steering  rod  of  an  automobile? 
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Can  you  find  other  machines  in  which  a belt  makes  one  wheel  turn  another? 


How  can  one  wheel  turn  another  wheel? 


While  people  were  learning 
how  to  use  wheel-and-axle  ma- 
chines, they  discovered  that  they 
could  also  make  one  wheel  turn  an- 
other wheel.  One  way  to  do  this  is  to 
put  a tight  band  around  the  wheels. 
This  band  is  called  a belt.  When  one 
wheel  is  turned,  the  belt  moves  with 
it  and  turns  the  other  wheel. 

The  chain  on  a bicycle  is  really  a 
belt.  Look  at  a bicycle  and  see  how 
you  make  it  go.  You  push  down  on 
pedals  with  your  feet.  The  pedals 
are  attached  to  the  cranks  that  are  fas- 
tened to  an  axle.  The  axle  turns  a big 
wheel,  and  this  wheel  moves  a chain. 
The  chain  makes  a little  wheel  turn, 


and  this  little  wheel  makes  the  rear 
wheel  of  the  bicycle  go  around. 

Notice  that  the  wheels  connected 
by  the  chain  have  notches  and  points 
on  them.  Crosspieces  in  the  chain  fit 
into  the  notches,  and  the  points  fit 
into  open  places  in  the  chain.  A wheel 
with  notches  and  points  on  it  is  called 
a gearwheel,  or  just  a gear.  The 
points  on  a gearwheel  are  called  teeth. 
The  teeth  and  notches  on  a gearwheel 
help  prevent  slipping. 

As  people  worked  with  wheel-and- 
axle  machines,  they  found  that  they 
did  not  have  to  use  a belt  or  chain  to 
make  one  wheel  turn  another.  They 
just  put  the  rim  of  one  wheel  against 
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the  rim  of  another  wheel.  When  one 
wheel  is  turned,  it  rubs  against  the 
other  wheel  and  makes  that  one  turn, 
too.  But  even  when  the  wheels  are 
pushed  tightly  together,  they  still  slip 
a little.  Do  you  know  how  we  keep 
them  from  slipping?  We  use  gear- 
wheels instead  of  wheels  with  smooth 
rims.  The  teeth  of  one  gearwheel  fit 
into  the  notches  of  the  other. 


Look  at  the  gearwheels  in  an  egg 
beater.  Notice  how  the  teeth  of  the 
big  wheel  fit  between  the  teeth  of  the 
smaller  wheels.  Turn  the  handle  so 
that  the  big  wheel  goes  around  once. 
How  many  times  do  the  little  wheels 
go  around?  Do  you  see  how  we  can 
use  gearwheels  to  change  speed?  A 
big  gearwheel  turning  slowly  can 
make  a little  one  turn  much  faster. 


1.  When  a large  wheel  turns  a small  wheel,  does  the  small  wheel  go 

faster  or  slower  than  the  large  wheel?  Give  an  example. 

2.  When  a small  wheel  turns  a large  wheel,  does  the  large  wheel 

go  slower  or  faster  than  the  small  wheel?  Give  an  example. 

3.  What  are  two  ways  of  making  one  wheel  turn  another  wheel? 

4.  Tell  how  a special  kind  of  wheel  prevents  slipping. 

5.  Use  a bicycle  to  find  out  how  many  times  the  rear  wheel  goes 

around  when  the  pedals  go  around  once.  Explain  why  this 
happens. 


Look  at  this  picture  carefully  to  see  how  one  gearwheel  turns  another. 
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How  can  we  make  machines  work  better? 


ou  know  that  it  takes  energy  to 
produce  a force  that  will  make 
things  move.  Energy  from  food  gives 
force  to  our  muscles  and  the  muscles 
of  animals.  The  forces  of  moving  air, 
moving  water,  and  electric  current 
come  from  the  energy  they  have. 
Steam  engines  and  gasoline  engines 
get  their  forces  from  the  energy  stored 
in  fuels. 

Machines  make  our  work  easier 
because  they  help  us  make  better  use 
of  the  forces  we  have.  We  use  ma- 
chines to  increase  force,  to  change  the 
direction  of  force,  and  also  to  change 
speed.  But  in  every  machine  some- 
thing moves.  And  when  it  moves,  it 
rubs  against  something  else.  Moving 
parts  rub  against  each  other,  or  a mov- 
ing part  rubs  against  a part  that 
stands  still.  When  any  two  things  rub 
against  each  other,  we  say  that  there 
is  friction  between  them.  Friction 
means  rubbing. 

In  every  machine  you  have  used, 
there  is  always  some  friction.  A lever 
rubs  on  its  fulcrum.  Things  rub 
against  the  surfaces  of  inclined  planes. 
A pulley  wheel  rubs  on  its  axle,  and  a 
rope  rubs  on  the  pulley  wheel.  Wheels 
rub  against  belts,  chains,  and  other 
wheels. 

Some  of  the  force  that  is  used  in  a 
machine  is  always  wasted.  It  is  used 
to  overcome  the  friction.  To  make  up 
for  this  loss  of  force,  we  have  to  use 


more  energy.  So  friction  in  machines 
wastes  some  of  the  energy  that  we  use 
to  do  our  work. 

When  you  use  a fixed  pulley  to  lift 
a weight  of  ten  pounds,  you  have  to 
pull  down  with  a little  more  than  ten 
pounds  of  force.  If  you  use  one  mov- 
able pulley  to  lift  the  same  weight, 
you  have  to  pull  up  with  a little  more 
than  five  pounds  of  force.  With  each 
pulley,  you  have  to  use  a little  more 
force  than  you  would  use  if  there 
were  no  friction.  The  extra  force  is 
used  to  overcome  friction. 

To  make  our  machines  work  better, 
we  try  to  keep  friction  as  small  as  we 
can.  There  are  several  ways  to  do 
this,  and  we  use  them  all.  You  can 
see  one  way  that  we  use  if  you  do  a 
very  easy  experiment.  Move  a rough 
board  over  a rough  board.  Then 
move  a smooth  board  over  a smooth 
one.  Did  you  have  to  use  more  force 
with  the  rough  boards  than  with  the 
smooth  ones? 

When  rough  surfaces  rub  on  each 
other,  there  is  much  friction.  But 
when  smooth  surfaces  rub  on  each 
other,  there  is  less  friction.  Wax  on  a 
floor  or  ice  on  a sidewalk  makes  such 
a smooth  surface  that  you  can  slide 
easily.  To  make  the  parts  of  machines 
slide  over  each  other  easily,  we  make 
their  surfaces  as  smooth  as  we  can.  If 
you  look  at  some  machines,  you  will 
see  that  the  parts  are  very  smooth. 
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Another  way  to  cut  down  friction 
in  machines  is  to  put  oil  or  grease  be- 
tween surfaces  that  must  slide  over 
each  other.  The  oil  or  grease  makes  a 
very  smooth,  thin  layer  between  the 
surfaces  and  keeps  them  from  rub- 
bing against  each  other.  Of  course, 
there  is  some  friction  between  the  oil 
or  grease  and  the  surfaces.  But  it  is 
much  less  than  the  friction  between 
the  surfaces  would  be. 

You  can  see  that  this  is  true  if  you 
do  an  experiment.  Rub  two  flat  pieces 
of  metal  back  and  forth  against  each 
other.  Now  put  some  oil  or  grease  be- 
tween the  pieces  of  metal.  Then  rub 
them  back  and  forth  again.  Can  you 
feel  how  much  easier  they  slide  over 


each  other  now?  This  is  one  reason 
for  oiling  and  greasing  machines. 

Here  is  another  reason  for  using  oil 
and  grease.  You  know  that  when 
things  keep  rubbing  on  each  other 
long  enough,  they  finally  wear  out. 
And  the  rougher  they  are,  the  faster 
they  wear.  Friction  between  the  soles 
of  your  shoes  and  floors  and  sidewalks 
makes  your  shoes  wear  out.  Friction 
not  only  makes  our  machines  waste 
energy,  but  it  also  makes  them  wear 
out.  They  will  last  much  longer  if 
we  keep  a layer  of  oil  or  grease  be- 
tween the  surfaces  that  must  slide 
over  each  other. 

Oil  and  grease  do  another  impor- 
tant thing,  too.  Rub  the  palms  of  your 
hands  over  each  other  as  fast  as  you 
can.  Do  they  soon  feel  hot?  Try  rub- 
bing a penny  back  and  forth  on  your 
sleeve  as  fast  as  you  can.  It  will  get 
so  hot  that  you  will  find  it  uncomfort- 
able to  hold.  If  parts  of  a machine  rub 
on  each  other,  they  get  very  hot.  But 
when  oil  or  grease  is  put  between 
them,  they  slide  over  each  other  more 
easily.  There  is  less  friction,  and  they 
do  not  get  so  hot. 

Friction  in  our  machines  wastes  en- 
ergy by  changing  it  to  heat  we  do  not 
want.  The  waste  of  energy  is  bad 
enough,  but  the  heat  may  be  even 
worse.  Did  you  ever  hear  anyone  say 
he  had  “burned  out”  his  automobile? 
Something  kept  the  oil  from  getting 
between  the  moving  parts  of  the  en- 
gine. These  parts  will  bend,  break, 
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Two  men  can  move  this  boat  by  using  rollers.  Look  closely  at  the  roller-skate  wheel, 
and  you  will  see  the  tiny  ball  bearings  around  the  center  of  the  wheel. 


or  even  melt  if  they  get  hot  enough. 
When  there  is  no  oil  to  keep  them 
from  rubbing  against  each  other,  they 
soon  become  too  hot.  Then  the  engine 
is  ruined. 

If  you  want  your  bicycle  and  roller 
skates  to  work  well,  be  sure  to  keep 
them  oiled.  Put  oil  or  grease  on  the 
parts  that  must  slide  over  each  other. 
Probably  your  mother  keeps  an  oil 
can  in  your  home.  She  puts  oil  on  the 
moving  parts  of  her  sewing  machine, 
vacuum  cleaner,  washing  machine, 
and  other  household  machines. 

There  is  still  another  way  that  we 
use  to  cut  down  friction  in  our  ma- 
chines. We  use  wheels  or  something 
like  them.  It  is  easier  to  roll  things 
over  a surface  than  to  slide  them.  An 
experiment  will  show  you  that  this  is 
true. 


Fill  a small  box  with  sand,  stones, 
or  anything  heavy.  Slide  it  along  the 
top  of  a table  by  pulling  or  pushing. 
Now  set  the  box  on  a toy  wagon.  Move 
the  wagon  by  pulling  or  pushing  it. 
Is  the  box  easier  to  move  when  you 
use  wheels?  Get  about  a dozen  round 
pencils  and  lay  them  on  the  table  a 
few  inches  apart.  Set  the  box  on  the 
pencils  and  roll  it  over  them.  Do  you 
see  how  the  pencils  act  like  the  rollers 
men  sometimes  use  to  move  heavy 
weights?  If  you  can,  get  some  little 
round  metal  balls  or  shot.  Put  them 
on  the  table  and  move  the  box  over 
them.  Is  it  easy  to  do? 

We  use  wheels,  rollers,  and  balls  in 
our  machines  to  cut  down  friction. 
They  make  the  parts  roll  over  each 
other  instead  of  sliding  over  each 
other.  Rollers  and  balls  are  used  to 
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make  bearings.  A bearing  is  any  part 
of  a machine  on  which  another  part 
turns  or  slides.  We  call  it  a bearing 
because  the  other  part  bears  down  on 
it,  or  presses  against  it.  As  you  might 
expect,  much  of  the  friction  in  a ma- 
chine takes  place  at  the  bearings. 

You  can  find  one  kind  of  bearing  in 
a pair  of  roller  skates  or  the  rear 
wheel  of  a bicycle.  This  kind  is  made 
of  balls.  So  it  is  called  a ball  bearing. 
If  you  look  carefully  around  the 
wheels,  you  can  see  the  balls.  An- 
other kind  of  bearing  is  made  of  roll- 
ers. It  is  called  a roller  bearing.  We 
use  roller  bearings  in  the  wheels  of 
railroad  cars  and  in  other  big  ma- 
chines. Bearings  are  made  as  smooth 
as  possible.  Then  oil  or  grease  is  put 


on  them  to  keep  them  from  rubbing 
against  each  other  or  on  other  parts. 

Most  of  the  time  we  are  trying  to 
cut  down  friction  in  our  machines. 
But  sometimes  we  need  to  use  fric- 
tion, too.  Some  machines  or  some  of 
the  parts  of  machines  would  not  work 
without  friction.  If  there  were  no 
friction,  belts  would  not  turn  wheels. 
The  belts  would  just  slip  around  on 
the  wheels,  and  the  wheels  would  not 
be  turned.  Friction  also  keeps  things 
from  slipping  on  inclined  planes.  In 
winter  when  there  is  much  ice  and 
snow,  an  automobile  often  cannot 
drive  up  a hill  until  sand  or  ashes  are 
put  on  the  road.  The  sand  or  ashes 
make  the  surface  of  the  road  rough. 
Then  there  is  friction  between  the 
automobile  tires  and  the  road. 

Did  you  ever  see  a toy  express 
wagon  with  a brake  on  it?  The  brake 
is  a handle  on  the  side  of  the  wagon 
over  one  of  the  back  wheels.  When 
you  want  to  stop  or  slow  down,  you 
press  this  handle  against  the  wheel. 
Friction  between  the  end  of  this 
handle  and  the  wheel  makes  the 
wheel  stop  moving.  The  brakes  of 
automobiles  and  trucks  work  because 
of  friction.  The  brakes  have  a rough 
material  on  them  that  causes  much 
friction  when  they  press  against  a 
part  of  the  wheel. 

We  need  friction  between  the  tires 
and  the  road,  too.  The  tires  are  made 
so  their  surfaces  are  not  smooth. 
This  makes  friction  between  the  tires 
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and  the  road.  When  the  tires  are 
old  and  worn,  they  become  smooth. 
Then  there  is  less  friction.  The  auto- 
mobile slides  easily  and  does  not 
stop  quickly  when  the  brakes  are 
put  on. 

If  you  play  baseball,  you  know 
that  you  cannot  bat  the  ball  very  far 
if  the  bat  slips  around  in  your  hands. 


If  the  handle  of  the  bat  is  slippery, 
you  can  put  some  tape  around  the 
handle  to  make  it  easier  to  hold  tight. 
You  are  making  more  friction  be- 
tween the  bat  and  your  hands. 

Think  of  other  machines  you  have 
read  about  or  used.  Can  you  think 
of  some  that  work  better  because 
of  friction? 


1.  Give  three  reasons  why  we  try  to  cut  down  friction  in  our 

machines. 

2.  What  different  ways  do  we  use  to  make  our  machines  run  better? 

Tell  how  each  way  helps. 

3.  Why  do  pianos  and  other  heavy  pieces  of  furniture  often  have 

small  wheels  called  casters  under  them? 

4.  The  axles  of  the  wheels  of  railroad  cars  sometimes  get  very  hot. 

What  do  you  think  causes  this? 

How  can  we  use  machines  safely? 

The  other  day,  a little  girl  got  her 
hand  caught  in  the  wringer  of  her 
mother’s  washing  machine.  Her  hand 
and  wrist  were  badly  hurt.  Machines 
help  us.  But  they  are  dangerous,  too, 
unless  we  use  them  carefully.  Every 
year,  thousands  of  people  are  hurt  by 
machines.  Sometimes  it  is  not  the 
fault  of  the  people.  Many  times,  it 
is  entirely  their  fault.  They  are  just 
careless  or  in  too  much  of  a hurry. 

Knives,  saws,  hammers,  and  axes 
are  helpful  machines  that  we  often 
use.  They  can  be  dangerous,  as  you 
know.  Axes  and  knives  have  very 
sharp  edges.  If  an  ax  or  a knife 


slips  or  suddenly  breaks  through  the 
wood,  you  may  get  a bad  cut.  If  you 
are  cutting  with  a knife,  cut  away 
from  yourself — not  toward  yourself. 


machines  97 


In  factories , belts  and  gears  must  all  be  covered  so  that  the  people  who  work  near  them 
will  not  be  injured  by  them. 


If  you  are  hammering,  give  the  nail 
a few  light  blows  while  you  are 
holding  it  to  get  it  started.  Then 
move  your  hand  away  while  you  drive 
the  nail  in  with  heavy  blows.  The 
jagged  teeth  of  a saw  make  a bad 
wound.  You  may  have  to  hold  your 
hand  close  to  the  saw  to  guide  it  when 
you  start  sawing.  Be  very  careful 
when  you  do  this. 

Many  times,  fingers  and  hands  have 
been  badly  cut  or  bruised  by  getting 
caught  between  a rope  and  a pulley. 
You  can  burn  the  skin  on  your  hands 
if  you  hold  too  tightly  to  a rope  that  is 
sliding  through  pulleys  rapidly. 

Wheels  with  swiftly  running  belts 
have  hurt  and  killed  thousands  of 


people.  A piece  of  a person’s  cloth- 
ing sometimes  gets  caught  in  the  belt, 
and  the  person  is  thrown  against  a 
ceiling  or  wall  with  great  force.  It  is 
important  to  be  very  careful  if  you 
are  near  wheels  and  belts.  Stay  safe- 
ly away  from  them  when  they  are 
running. 

Gearwheels  are  very  dangerous. 
Once  you  get  your  hand  or  arm  caught 
between  two  moving  gearwheels,  you 
cannot  get  it  out.  Gearwheels  are  so 
dangerous  that  in  many  states  the 
owners  of  factories  are  required  by 
law  to  have  all  gears  covered.  If  you 
live  on  a farm,  there  are  plenty  of 
dangerous  gearwheels  for  you  to  be 
on  guard  against. 
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Sometimes  on  playgrounds  boys 
and  girls  are  careless  and  are  injured 
by  levers.  A boy  or  girl  will  think 
it  is  funny  to  jump  off  the  end  of  a 
seesaw  when  the  child  on  the  other 
end  is  high  up  in  the  air.  When  the 
high  end  comes  down  with  a bang,  a 
leg  may  be  caught  under  it  and  se- 
verely hurt  or  even  broken.  Levers 
may  be  dangerous  in  other  ways.  If 
you  are  pushing  down  hard  on  a 
lever,  the  weight  you  are  trying  to  lift 
may  suddenly  move  up.  Down  you 


go.  Your  fingers  may  be  bruised  or 
broken.  You  may  even  get  a bad 
bump  on  your  head.  The  same  things 
may  happen  if  the  lever  breaks  when 
you  are  pulling  on  it. 

There  are  hundreds  of  ways  in 
which  machines  can  injure  you.  You 
must  learn  to  be  careful  with  ma- 
chines. One  big  thing  for  you  to 
remember  when  you  are  using  ma- 
chines is  this.  Never  hurry.  When 
you  hurry , you  are  likely  to  get 
careless. 


Safety  rules  for  using  machines 


1.  Have  a place  for  each  machine  and  put  it  back  in  its  place  when 

you  are  through  using  it. 

2.  Never  leave  tools  on  a stairway. 

3.  Have  a place  for  brooms  and  mops  where  they  cannot  fall  across 

a passageway. 

4.  Set  heavy  tools  where  they  cannot  fall  on  someone. 

5.  Put  knives  and  other  sharp  tools  away  with  the  sharp  edges  point- 

ing away  from  the  person  who  will  next  pick  them  up. 

6.  Do  not  run  with  a pointed  tool,  such  as  a knife  or  a pair  of  scissors. 

7.  Always  cut  away  from  yourself  when  using  a sharp  tool. 

8.  Lay  garden  tools  on  the  ground  so  that  the  sharp  parts  are  pointing 

downward. 

9.  Be  very  careful  when  you  use  machines  with  wheels,  belts,  and 

gears,  such  as  electric  fans,  sewing  machines,  washing  machines, 
and  clothes  wringers. 

10.  Keep  your  fingers  away  from  wheels  and  gears  when  they  are 
moving. 


1.  Tell  some  dangerous  things  you  have  seen  people  doing  with 

machines. 

2.  Make  a list  of  “ danger  spots”  around  machines  in  your  home. 

3.  There  should  not  he  any  “ danger  spots ” around  machines  in 

your  school.  Find  out  whether  there  are  such  spots. 
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— QUESTIONS 

1.  In  the  pictures  on  these  two  pages, 
people  are  using  machines  to  help  with 
their  work.  What  kinds  of  machines 
are  they  using?  How  are  these  ma- 
chines making  the  work  easier? 

2.  What  kinds  of  simple  machines 
could  you  make  from  a board  and  a 
block  of  wood?  What  kinds  could  you 
make  from  a wheel  and  a rod? 

3.  How  are  fixed  pulleys  different 
from  movable  pulleys? 

4.  Which  kind  of  simple  machine  is 
used  to — split  wood,  pull  nails,  roll  a 
heavy  barrel  onto  a truck,  make  win- 
dows open  and  close  easily? 


TO  ANSWER 

5.  How  many  different  kinds  of  ma- 
chines can  you  find  in  your  school? 
Tell  what  each  kind  is  used  for. 

6.  What  part  of  a wheel  and  axle 
needs  to  be  greased  or  oiled?  Why? 

7.  Tell  one  important  thing  you 
have  learned  about  each  of  these — fric- 
tion, simple  machines,  fulcrum,  belts, 
gearwheels,  ball  bearings. 

8.  Sometimes  we  want  to  increase 
friction.  Give  some  examples  that 
show  this. 

9.  How  do  you  think  the  world 
would  be  different  if  we  had  no  ma- 
chines? 


— — — —THINGS  TO  DO 

1.  Look  at  some  of  the  machines  in  2.  Make  a list  of  the  machines  you 
your  home  and  try  to  find  out  how  they  have  seen  being  used  while  you  were 
work.  studying  this  unit. 
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3.  Find  pictures  that  show  how  ma- 
chines are  used  to  do  different  kinds 
of  work. 

4.  Ask  someone  in  your  class  to 
bring  his  mechanical  building  set  to 
school.  Make  some  machines  and  find 
out  how  they  work.  Show  what  kinds 
of  simple  machines  you  use. 


5.  Make  a collection  of  all  the  kinds 
of  tools  you  can  find  that  are  simple 
machines.  Show  what  kinds  of  simple 
machines  they  are  and  how  they  help 
you  do  work. 

6.  Bring  some  of  your  toys  to  school. 
See  how  many  simple  machines  you 
can  find  in  each  toy. 


MACHINES  101 


* In  Unit  Four  You  Will  Learn  * 


* How  heating  and  cooling  change  the  size  of  solids  * 

* What  happens  when  liquids  are  heated  or  cooled  * How  hot  water  heats  a house  * 
* How  heating  and  cooling  change  gases  * How  hot  air  heats  a house  * 

* How  solids  are  changed  to  liquids  * How  liquids  are  changed  to  gases  * 

* How  water  vapor  is  changed  to  liquid  water  * 


How  Do  Heating  and  Cooling 
Change  Materials ? 


Jack’s  mother  was  getting  supper. 

When  she  had  almost  finished,  she 
asked  Jack  to  get  a jar  of  fruit  from 
the  basement.  Then  she  asked  him  to 
open  it.  It  was  a glass  jar  with  a 
metal  top  that  screwed  on.  But  Jack 
could  not  unscrew  the  top,  no  matter 
how  hard  he  tried.  When  his  mother 
saw  the  trouble  he  was  having,  she 
said,  “Pour  a little  water  into  a pan 


and  put  the  pan  on  the  stove.  Use 
just  enough  water  to  cover  the  metal 
top.  Stand  the  jar  upside  down  in 
the  water  until  the  water  is  hot. 
Then  try  to  unscrew  the  top.” 

Jack  did  as  his  mother  said.  To  his 
surprise,  he  was  able  to  unscrew  the 
top  very  easily.  “Why  did  hot  water 
make  it  easy  to  get  the  top  off?”  asked 
Jack. 


How  do  heating  and  cooling  change  the  size  of  solids? 


Do  you  know  why  the  top  of  the 
jar  came  off  so  easily  when  it  was 
heated  by  hot  water?  Suppose  you 
try  an  experiment  to  find  out.  Stretch 
a piece  of  copper  or  iron  wire  about 
three  feet  long  between  two  supports 
on  a table.  Stretch  the  wire  as  tight 
as  you  can.  Hang  a small  stone  or 
weight  from  the  center  of  the  wire 
so  that  the  weight  almost  touches  the 
table.  The  picture  on  page  104  will 
help  you  be  sure  that  your  experiment 


is  set  up  correctly.  Heat  the  wire 
along  its  entire  length.  The  experi- 
ment will  not  work  unless  the  whole 
wire  is  well  heated.  What  happened 
to  the  weight?  What  did  heat  do  to 
the  wire?  Leave  the  weight  on  the 
wire  because  you  will  need  to  look  at 
it  again. 

In  the  pictures  on  page  105,  the  girl 
is  doing  another  experiment.  This  one 
shows  what  heat  does  to  a solid  metal 
ball.  In  one  hand,  the  girl  is  holding  a 
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rod  with  an  iron  ring  in  the  end  of  it. 
In  the  other,  she  has  a rod  with  an 
iron  ball  on  the  end  of  it.  The  ball  will 
just  go  through  the  ring.  In  the  mid- 
dle picture,  she  is  heating  the  ball. 
Does  it  go  through  the  ring  after  it  has 
been  heated?  When  the  ball  gets  very 
hot,  it  will  not  go  through  the  ring. 
What  do  you  think  has  happened  to 
the  ball?  - 

Suppose  that  you  had  a bolt  and  a 
nut  that  just  fits  the  bolt.  And  suppose 
you  took  the  nut  off  the  bolt  and  then 
heated  the  bolt  in  a very  hot  flame. 
Do  you  think  the  nut  would  still  fit 
the  bolt?  It  would  not,  because  heat 
does  something  to  the  bolt.  Heat 
would  make  the  bolt  so  large  that  the 
nut  would  no  longer  fit  on  it. 

Do  you  think  you  know  now  why 
the  hot  top  of  the  jar  unscrewed  so 
easily?  You  may  want  to  try  another 
experiment  to  be  sure  you  are  right. 
Get  a strip  of  metal  and  nail  both 
ends  down  flat  on  a board.  Then  heat 
the  metal  strip  and  watch  to  see 
what  happens.  How  do  you  know  that 
the  heat  is  making  the  metal  strip 
longer? 


You  saw  that  the  wire  became  long- 
er when  you  heated  it.  It  became 
bigger  around,  too,  although  you 
could  not  see  that.  The  bolt  and  the 
ball  will  also  get  bigger  if  they  are 
heated.  We  say  that  these  things 
expand  when  they  are  heated.  This  is 
another  way  of  saying  that  they  get 
larger,  or  take  up  more  room. 

If  you  tried  many  different  kinds 
of  solids,  you  would  find  that  almost 
all  of  them  expand  when  they  are 
heated.  Now  do  you  see  why  Jack 
could  unscrew  the  hot  top  of  the  jar? 
The  hot  water  made  the  metal  top 
hot.  The  heat  expanded  the  top  faster 
than  it  did  the  glass  of  the  jar.  The 
top  got  larger.  So  it  was  not  so  tight 
on  the  jar.  Then  the  top  could  be  un- 
screwed easily. 

When  most  solids  are  heated,  they 
expand.  What  do  you  suppose  hap- 
pens when  they  are  cooled?  To  an- 
swer this  question,  look  at  the  wire 
you  heated  after  it  has  become  cool 
again.  Does  the  weight  still  touch 
the  table?  Or  is  it  in  the  same  position 
it  was  before  you  heated  it?  The  wire 
gets  shorter  when  it  is  cooled.  We 


104  UNIT  FOUR 


say  that  the  wire  contracts.  Con- 
tract means  get  smaller.  When  the 
heated  bolt  cools  off,  the  nut  will  fit 
it  again.  Almost  all  solids  contract,  or 
get  smaller,  when  they  are  cooled. 

On  a very  hot  summer  day,  Jack 
and  his  father  were  waiting  to  cross 
a long  metal  bridge.  The  bridge  had 
opened  to  let  a boat  go  past.  While 
they  were  waiting,  Jack’s  father  said, 
“This  bridge  is  several  inches  longer 
now  than  it  was  last  winter  when 
we  crossed  it.” 

A little  later,  as  they  were  driving 
along  a country  road,  Jack’s  father 
said,  “See  those  telephone  wires 
sag.  They  are  longer  now  than  they 
were  last  winter.”  Did  Jack’s  father 
really  mean  what  he  said?  Or  was 
he  joking? 

Men  who  build  metal  bridges  know 
that  the  bridges  will  get  longer  when 
the  hot  summer  days  come.  They 
build  the  bridges  so  that  there  will 
be  room  for  them  to  expand.  Some- 
times one  end  of  a bridge  rests  on 


rollers.  When  heat  expands  the  metal 
in  the  bridge,  the  end  of  the  bridge 
can  move.  Metal  bridges  are  not  al- 
ways placed  on  rollers,  but  there  is 
always  room  left  for  them  to  expand 
when  they  are  heated  by  the  sun. 
What  do  you  think  would  happen  if 
the  bridge  builders  did  not  leave  room 
for  the  bridges  to  expand? 

Perhaps  some  of  you  live  where 
there  are  huge  bridges  like  the  one  on 
page  103.  Bridges  like  this  are  held 
up  by  long,  thick  ropes,  or  cables, 
made  of  wire.  On  hot  days,  the  cables 
are  longer  than  they  are  on  cold  days. 
So  the  bridge  goes  up  and  down  a 
little  as  the  weather  changes.  But 
it  moves  so  slowly  that  you  cannot 
feel  it. 

Have  you  ever  ridden  along  a con- 
crete road  in  summer  and  felt  your 
car  go  bump,  bump,  bump?  Do  you 
know  why  you  felt  those  bumps? 
Concrete  roads  are  not  made  in  one 
long  strip  that  goes  on  for  miles.  In- 
stead, they  are  usually  made  in  short 


blocks.  Between  these  blocks  the 
road  builders  leave  a small  space. 

The  picture  on  the  left  at  the  top  of 
this  page  shows  how  a space  is  made 
between  the  strips.  A piece  of  board 
is  put  down  into  the  roadway  before 
the  concrete  is  poured.  When  the  con- 
crete is  poured,  it  comes  only  up  to 
the  board  on  each  side.  The  concrete 
hardens.  Then  the  board  is  taken  out, 
and  there  is  a space  between  the  two 


strips  of  road.  Often  this  space  be- 
tween blocks  is  filled  with  tar. 

Of  course,  you  know  that  heat 
makes  the  tar  expand.  It  also  makes 
the  concrete  expand  and  squeeze  the 
tar.  So  the  tar  bulges  up  through  the 
space.  When  the  wheels  of  the  car 
travel  along  the  road  over  these 
bulges  of  tar,  you  feel  the  bumps.  You 
can  see  the  black  lines  of  tar  in  the 
picture  on  the  right. 


1 . Why  is  it  important  for  people  to  know  that  heating  and  cooling 

change  the  size  of  solids? 

2.  What  does  contract  mean?  What  does  expand  mean? 

3.  Windows  that  open  onto  fire  escapes  usually  are  made  with  metal 

frames.  Will  the  windows  fit  as  tightly  in  winter  as  in  summer? 
Explain  your  answer . 

4.  Suppose  some  workers  were  stringing  telephone  wires  between 

poles  on  a very  hot  day.  Should  they  stretch  the  wires  tightly? 
Or  should  they  let  the  wires  sag?  Explain  your  answer. 

5.  What  might  happen  to  a concrete  road  if  the  builders  did  not 

leave  a space  between  the  blocks  of  concrete?  Why? 
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What  happens  to  liquids  when  they  are  heated  or  cooled? 


you  to  find  out.  You  will  need  a test 
tube  and  a rubber  or  cork  stopper 
with  a hole  in  it.  Use  a stopper  that 
just  fits  into  the  test  tube.  Get  a piece 
of  glass  tubing  about  a foot  long  that 
will  fit  into  the  hole  in  the  stopper,  as 
shown  in  the  picture. 

Fill  the  test  tube  with  water.  Use 
red  ink  to  color  the  water  so  that  you 
can  see  it  easily.  Fit  the  glass  tub- 
ing into  the  stopper  and  then  put 
the  stopper  into  the  test  tube.  Push 
the  stopper  down  tight  so  that  some 
of  the  water  rises  in  the  tubing.  Mark 
the  level  of  the  water  on  the  side  of 
the  test  tube.  Now  heat  the  water 
slowly  and  watch  carefully  to  see 
what  happens.  Mark  the  level  of  the 


When  john  was  studying  sci- 
ence, he  was  always  thinking  of 
experiments  to  do  at  home.  One  time 
he  decided  to  find  the  answer  to  this 
question.  How  hot  does  water  get 
when  it  boils?  He  found  a ther- 
mometer that  his  mother  said  he 
could  have,  and  he  put  a pan  of  water 
on  the  stove.  While  the  water  was 
still  cool,  he  set  the  thermometer  in 
it.  As  the  water  slowly  heated,  the 
red  liquid  in  the  thermometer  went 
up  and  up.  At  last,  it  reached  the  top 
of  the  thermometer.  Suddenly  the 
glass  broke,  and  the  red  liquid  ran 
out  into  the  water. 

What  made  the  thermometer  burst? 
Here  is  an  experiment  that  will  help 
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water  after  it  is  heated.  Is  this  mark 
above  or  below  the  mark  that  showed 
where  the  water  was  when  it  was 
cool?  Did  the  water  expand  or  con- 
tract when  it  was  heated? 

You  see  that  when  the  water  is 
heated,  it  expands  just  as  most  solids 
do.  As  the  water  expands  in  the 
test  tube,  it  goes  up  into  the  glass 
tubing.  Now  cool  the  test  tube  and 
watch  the  water.  Why  does  it  go 
down  in  the  glass  tubing?  When  the 
water  is  cooled,  it  contracts.  Most  liq- 
uids expand  when  they  are  heated  and 
contract  when  they  are  cooled. 

You  know  now  why  John’s  ther- 
mometer broke.  The  liquid  in  the 
thermometer  got  very  hot.  It  ex- 
panded until  it  took  up  all  the  room 
in  the  glass.  Then  it  kept  expanding 
until  it  pushed  so  hard  that  it  broke 
the  glass  and  ran  out.  Some  ther- 
mometers are  made  so  that  they  will 
not  break  in  boiling  water.  The  ther- 
mometer is  long  enough  so  that  there 
is  plenty  of  room  for  the  liquid  to  ex- 


pand. But  John  did  not  have  that 
kind  of  thermometer. 

Hold  your  finger  on  the  bulb  of 
the  thermometer  in  your  schoolroom 
for  a minute  or  two.  Why  does  the 
liquid  rise  in  the  tube? 

If  you  fill  a teakettle  to  the  top  with 
cold  water  and  then  heat  the  water, 
what  will  happen?  Why  does  this 
happen?  Can  you  use  what  you  have 
learned  to  explain  what  happened 
when  Jack’s  mother  canned  some  to- 
mato juice?  She  boiled  the  juice  and 
filled  glass  jars  full  of  the  hot  juice. 
Then  she  sealed  the  jars  and  put 
them  away  in  the  cool  basement.  She 
opened  one  of  the  jars  a few  weeks 
later  and  found  that  it  was  no  longer 
full  to  the  top.  Do  you  know  why? 

You  have  learned  that  heat  makes 
most  liquids  expand.  When  liquids 
expand,  something  else  happens  to 
them.  Here  is  an  experiment  that  will 
help  you  to  understand  what  it  is. 

Fill  a large  glass  jar  with  water  and 
put  a teaspoonful  of  coarse  sawdust 
in  the  water.  The  sawdust  will  soon 
get  soaked  with  water  and  sink  to 
the  bottom.  Now  heat  only  one  side 
of  the  bottom  of  the  jar  and  watch 
the  sawdust.  Why  does  the  sawdust 
move  up  from  the  bottom  of  the  jar  on 
one  side  and  then  down  on  the  other 
side  and  then  up  again? 

Water  carries  the  sawdust.  The 
water  at  one  side  of  the  bottom  of  the 
jar  is  getting  hot.  You  know  that  it  is 
expanding.  It  is  also  getting  lighter. 
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It  gets  lighter  in  weight  because  it 
expands.  You  know  that  a teakettle 
brimful  of  cold  water  will  run  over 
when  it  gets  hot.  The  water  in  the 
teakettle  weighs  less  when  it  is  hot 
than  when  it  was  cold.  A gallon  of 
cold  water  actually  weighs  more  than 
a gallon  of  hot  water. 

In  the  experiment,  the  water  on  the 
side  of  the  glass  jar  that  is  not  heated 
is  cooler  than  the  water  on  the  heated 
side.  It  is  also  heavier  than  the  warm- 
er water.  Gravity  pulls  down  harder 
on  the  heavier,  cooler  water.  It  sinks 
to  the  bottom  along  one  side  and 
pushes  the  lighter,  warm  water  up. 
This  makes  a current  in  the  water. 
Look  at  the  arrows  in  the  picture  on 
page  108  and  trace  the  current.  The 
arrows  show  that  the  heavier,  cold 
water  is  sinking  and  pushing  the  light- 
er, warm  water  up. 

Look  at  the  hot-water  heater  in 
the  picture  on  this  page.  You  will  see 
that  it  works  much  like  the  experi- 
ment with  the  sawdust.  As  the  water 
is  heated  in  the  small  tank,  the  cold 
water  that  comes  in  at  the  bottom 


pushes  the  warm  water  up  and  into 
the  top  of  the  big  tank.  Follow  the 
red  and  blue  arrows,  and  you  will 
see  how  the  current  moves. 


1.  Why  does  the  colored  liquid  in  a thermometer  go  up  and  down 

as  the  temperature  changes? 

2.  Why  is  there  a current  in  a jar  of  water  when  it  is  heated  on 

one  side? 

3.  If  the  radiator  of  an  automobile  is  filled  clear  to  the  top , what  do 

you  think  will  happen  when  the  engine  gets  hot?  Why? 

4.  When  you  put  a kettle  of  water  on  the  stove  to  heat,  should  you 

fill  the  kettle  full?  Explain  your  answer. 
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How  is  hot  water  used  to  heat  a house? 


You  NOW  KNOW  two  things  that 
heat  does  to  water.  So  you  can 
understand  how  hot  water  is  used  to 
heat  a house.  Study  the  picture  of  a 
hot-water  furnace  on  this  page.  No- 
tice the  firebox  in  which  the  fuel  is 
burned.  There  are  two  walls  of  iron 
around  the  firebox.  There  is  water 
between  these  walls.  This  space  filled 
with  water  is  called  a water  jacket. 

Pipes  run  from  the  top  of  the  water 
jacket  up  through  the  house.  Other 
pipes  run  into  the  lower  part  of  the 
water  jacket.  The  pipes  connect  the 


furnace  with  the  radiators  that  are  in 
the  rooms  of  the  house.  Look  at  the 
picture  again.  Find  the  pipes  that  run 
from  the  furnace  to  the  radiators.  Do 
you  see  the  pipe  that  runs  from  each 
radiator  back  down  to  the  furnace? 

When  there  is  a fire  in  the  furnace, 
the  water  in  the  water  jacket  gets  hot. 
The  water  expands  and  gets  lighter. 
Upstairs  the  water  in  the  radiators 
and  pipes  is  cool.  This  heavy,  cool 
water  begins  to  sink  down  through 
the  pipes  marked  with  the  blue  ar- 
rows into  the  lower  part  of  the  water 
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jacket.  It  pushes  the  lighter,  hot  wa- 
ter up  through  the  pipes  marked  with 
the  red  arrows  and  into  the  radiators. 

The  heat  from  this  water  in  the 
radiators  goes  into  the  rooms  and 
makes  them  warm.  As  the  water  in 
the  radiators  gets  cool,  it  contracts 
and  gets  heavier.  It  goes  back  down 
to  the  furnace  where  it  is  heated 
again.  The  water  travels  just  as  it 


did  in  the  experiment  with  the  saw- 
dust in  the  jar  of  water. 

If  your  home  is  heated  by  hot  water, 
find  out  where  the  pipes  are  that  car- 
ry the  hot  water  up  to  the  rooms. 
Find  the  place  where  the  pipes  carry 
the  cool  water  back  into  the  furnace. 
See  how  the  pipes  go  to  each  radia- 
tor. Look  carefully  at  your  furnace 
and  try  to  find  out  how  it  works. 


1.  Why  does  water  move  through  the  pipes  in  a house  heated  hy 

hot  water? 

2.  Trace  the  current  of  water  in  the  furnace  on  page  110  and  explain 

how  the  upstairs  rooms  are  heated. 

3.  In  some  houses , like  the  one  on  page  110,  the  hot-water  pipes  are 

connected  to  a tank  in  the  attic.  Why  is  this  done? 

4.  Are  the  hot-water  pipes  connected  to  the  top  or  to  the  bottom  of 

the  water  jacket?  Are  the  cold-water  pipes  connected  to  the 
top  or  the  bottom  of  the  water  jacket?  Why  are  they  connected 
in  this  way? 


How  do  heating  and  cooling  change  gases? 


YOU  have  learned  that  heat 
makes  solids  and  liquids  expand 
and  that  cooling  makes  them  con- 
tract. Do  you  think  that  heating  will 
make  a gas  expand  and  that  cooling 
will  make  it  contract?  Suppose  you 
try  a few  experiments  to  find  out. 

For  your  first  experiment,  stretch 
the  neck  of  a toy  rubber  balloon  over 
the  mouth  of  a bottle.  Heat  the  bot- 
tle in  a pan  of  hot  water  or  on  a hot 
radiator.  Watch  the  balloon.  Why 
does  it  begin  to  swell? 

You  know  that  you  must  blow  air 
into  a toy  balloon  to  make  it  swell. 


You  know  that  some  air  went  into 
the  balloon  in  the  experiment  you 
just  did.  But  where  did  the  air  come 
from?  Of  course,  you  know  that  there 
was  air  in  the  bottle.  When  you 
heated  the  bottle,  you  heated  the  air 
inside  it.  Some  of  this  warm  air  went 
out  of  the  bottle  into  the  balloon.  This 
shows  that  when  air  is  heated  it  ex- 
pands. So  some  of  the  heated  air  is 
pushed  out  into  the  balloon. 

Leave  the  toy  balloon  on  the  bottle 
and  put  it  outdoors  or  in  some  cold 
place.  Watch  what  happens  to  the 
balloon  this  time.  What  happens 
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when  the  air  in  the  bottle  is  cooled? 
When  air  is  cooled,  it  contracts.  The 
shrinking  balloon  shows  how  much 
less  room  the  cold  air  takes  up. 

Try  another  experiment  to  make 
sure  that  air  expands  when  it  is  heat- 
ed. Find  a bottle  with  a small  neck. 
Put  it  outdoors  or  on  some  ice  where 
it  will  get  cold.  Then  fill  a glass  with 
water.  When  the  bottle  is  cold,  put 
its  mouth  straight  down  into  the 
water  in  the  glass.  Hold  both  your 
hands  tightly  around  the  bottle  so 
that  the  heat  from  them  will  warm 
the  bottle  and  the  air  inside  the 
bottle. 

Do  you  see  anything  come  out 
of  the  bottle?  If  nothing  happens, 
you  are  not  making  the  air  warm 
enough.  Be  sure  to  keep  the  mouth 
of  the  bottle  under  the  water. 

You  can  probably  explain  why  the 
bubbles  came  out  of  the  bottle.  When 
the  air  in  the  bottle  was  warmed,  it 
expanded.  It  pushed  out  into  the 


water  and  bubbled  to  the  top.  The 
bubbles  were  air.  Again  you  have 
found  that  air  expands  when  it  is 
heated. 

Use  the  same  bottle  and  glass  of 
water  and  do  the  experiment  in  just 
the  opposite  way.  Get  the  bottle  very 
warm  by  putting  it  in  hot  water.  Then 
quickly  put  the  mouth  of  the  bottle 
straight  down  into  the  glass  of  water. 
Be  sure  to  keep  the  mouth  of  the 
bottle  under  the  water  all  the  time. 
Take  some  ice  and  hold  it  around  or 
on  top  of  the  bottle  to  cool  the  air 
inside  the  bottle.  What  happens?  Can 
you  tell  why  the  water  goes  up  into 
the  bottle? 

When  the  air  inside  the  bottle  is 
cooled,  it  does  not  take  up  so  much 
room  as  it  does  when  it  is  warm. 
The  air  outside  the  bottle  pushes  the 
water  into  the  bottle  to  fill  the  place 
left  by  the  air  as  it  contracts.  This 
happens  because  air  contracts  when 
it  is  cooled. 
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Does  this  picture  show  that  air  really  weighs  something? 


Air  expands  when  it  is  heated.  It 
contracts  when  it  is  cooled.  Of  course, 
you  remember  that  air  is  not  a solid 
or  a liquid.  Air  is  a mixture  of  gas- 
es. All  gases  expand  when  they  are 
heated.  And  all  gases  contract  when 
they  are  cooled. 

Now  do  another  experiment  to  dis- 
cover another  important  thing  about 
air.  When  you  discover  this,  you  can 
explain  many  things  about  heating 
your  home.  Get  a basketball  or  a vol- 
leyball and  a pair  of  scales.  Also  get 
a bicycle  pump.  Let  all  the  air  out  of 
the  ball  and  weigh  the  ball.  Now  take 
the  ball  off  the  scales  and  pump  air 
into  it  until  it  is  quite  hard.  Put  it 
back  on  the  scales.  Is  it  heavier? 
Does  air  really  weigh  something? 

Probably  you  have  never  thought 
that  air  has  weight.  But  when  you 
filled  the  ball  with  air,  it  was  heavier 
than  it  was  when  it  was  empty.  All 


materials  have  weight,  and  air  is  a 
material. 

If  you  could  fill  the  ball  first  with 
cold  air  and  then  later  fill  it  with  hot 
air,  you  would  find  that  the  cold  air 
weighs  more  than  the  hot  air.  Cold 
air  is  heavier  than  the  same  amount  of 
hot  air.  Gravity  pulls  down  with  more 
force  on  the  heavier,  cold  air. 

You  have  now  learned  three  im- 
portant things  about  air. 

1.  Air  expands  when  it  is  heated 
and  contracts  when  it  is  cooled. 

2.  Air  has  weight. 

3.  Cold  air  is  heavier  than  the 
same  amount  of  hot  air. 

Knowing  these  things  will  help  you 
explain  why  air  acts  the  way  it  does. 
For  your  next  experiment  get  a wood- 
en box  like  the  one  in  the  picture  on 
page  114.  A box  about  twice  as  large 
as  a chalk  box  will  work  well.  You 
will  also  need  two  lamp  chimneys  and 


HEATING  AND  COOLING  113 


a piece  of  glass.  Use  cardboard  tubes 
if  you  cannot  get  lamp  chimneys. 

Cut  two  holes  in  the  top  of  the 
box  and  place  a lamp  chimney  over 
each  hole,  as  you  see  in  the  picture. 
Put  a small  candle  in  the  box  under 
one  of  the  chimneys.  Light  the  candle 
and  cover  the  open  side  of  the  box 
with  a piece  of  glass.  Now  light  a 
splinter  of  wood  or  a roll  of  paper. 
Let  it  burn  a moment  and  then  blow 
out  the  flame. 

With  the  splinter  still  smoking, 
hold  it  over  the  lamp  chimney  that 
has  no  candle  under  it  (Picture  1). 
Where  does  the  smoke  go?  Now  hold 
the  smoking  splinter  over  the  other 
chimney  (Picture  2) . Where  does  the 


smoke  go?  What  does  the  smoke 
show  you?  If  you  see  the  smoke  mov- 
ing, you  know  which  way  the  air  is 
moving  because  the  smoke  is  being 
carried  by  moving  air. 

Light  the  splinter  again  and  blow 
it  out.  This  time  place  the  smoking 
splinter  farther  down  inside  the  chim- 
ney that  has  no  candle  under  it  (Pic- 
ture 3) . What  happens  to  the  smoke 
in  the  box? 

Now  put  a splinter  through  a piece 
of  cardboard  big  enough  to  cover  the 
chimney.  Make  the  splinter  smoke 
and  put  it  down  in  the  chimney  that 
has  no  candle  under  it  (Picture  4). 
Hold  the  cardboard  tightly  against 
the  top  of  the  chimney.  What  hap- 
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pens  to  the  smoke  now?  Why  has  it 
stopped  moving? 

If  you  answer  these  questions,  you 
will  understand  what  has  happened. 

How  did  the  heat  from  the  candle 
change  the  air  around  the  candle? 

Which  way  did  the  air  move  in  the 
warm-air  chimney? 

Which  way  did  it  move  in  the  cool- 
air  chimney? 

The  warm  air  went  up,  and  the  cold 
air  came  down.  Can  you  tell  why  the 
cold  air  came  down?  This  is  the  rea- 
son. When  air  is  heated,  it  expands. 
So  there  is  not  so  much  air  in  the  same 
amount  of  space  as  there  was  before 
the  air  was  heated.  Cool  air  is  heavier 
than  the  same  amount  of  warm  air. 


Gravity  pulls  down  harder  on  the 
heavier,  cool  air  than  it  does  on  the 
warm  air. 

The  air  in  the  cool  chimney  is 
heavier  than  the  air  in  the  warm 
chimney.  So  the  cool  air  sinks  down 
into  the  box  and  pushes  the  lighter, 
warm  air  up  out  of  the  warm  chim- 
ney. 

When  you  covered  the  chimney 
with  cardboard,  the  smoke  did  not 
move.  So  you  can  be  sure  that  the 
air  was  not  moving.  The  cardboard 
cut  off  the  air  from  above  the  chim- 
ney and  kept  the  heavier,  cool  air 
from  moving  down  into  the  box.  The 
smoke  did  not  move.  So  you  can  be 
sure  that  the  air  did  not  move. 


1.  One  hot  summer  day,  John  and  his  father  were  riding  in  their 

car.  Suddenly  there  was  a loud  hang.  One  of  the  tires  on 
the  car  had  blown  out. 

“I  told  the  garage  man  not  to  put  too  much  air  in  that  tire” 
said  John’s  father.  “It’s  an  old  tire.” 

Why  was  it  not  safe  to  put  so  much  air  in  that  old  tire  on  a 
hot  day? 

2.  Each  sentence  helow  has  a blank  in  it.  Choose  a word  to  take  the 

place  of  the  blank  so  that  the  sentence  will  tell  something  true 
about  what  heating  or  cooling  does  to  gases. 

a)  Gases when  they  are  heated. 

b)  Gases when  they  are  cooled. 

c ) Cool  air  is than  the  same  amount  of  warm  air. 

3.  If  a football  is  pumped  up  in  a warm  room  and  then  taken  outdoors 

on  a cold  day,  will  it  get  harder  or  softer?  Why? 

4.  You  have  learned  what  heating  and  cooling  do  to  solids,  liquids, 

and  gases.  What  two  things  happen  to  all  of  them? 
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How  does  a hot-air  furnace  heat  a house? 


The  bates  family  was  getting 
ready  to  move  into  a new  house. 
One  afternoon,  Betty’s  father  said, 
“Let’s  go  over  and  see  our  new  house. 
I have  just  built  a fire  in  the  furnace.” 
By  the  time  they  got  to  the  house, 
Betty  was  cold.  As  soon  as  they  were 
inside,  she  went  over  to  a grating  at 
one  side  of  the  room.  “I  thought  there 
was  a fire  in  the  furnace,”  she  said. 
“There  isn’t  any  heat  coming  up 
through  here.” 

“Of  course  not,”  replied  her  father. 
“That  is  a cold-air  register.  Over  here 
is  the  place  where  the  hot  air  comes 
up  from  the  furnace.” 


After  a while,  they  all  went  down 
to  look  at  the  basement.  Here  Betty’s 
father  showed  her  the  big  pipe  that 
brought  cold  air  into  the  bottom  of 
the  furnace.  She  also  saw  the  pipes 
that  carried  hot  air  up  into  the  rooms. 

Your  experiments  have  helped  you 
understand  how  the  hot  air  and  the 
cold  air  moved  in  Betty’s  house.  The 
cold  air  was  heavy.  So  it  sank  down 
the  pipes  to  the  bottom  of  the  furnace 
and  pushed  up  the  air  that  had  been 
heated.  This  hot  air  went  up  the 
pipes  to  the  rooms.  It  came  out  of  the 
hot-air  registers  and  rose  to  the  ceil- 
ing. Then  it  began  to  get  cooler  and 
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heavier.  It  sank  down  through  the 
cold-air  registers  into  the  pipe  and 
then  to  the  bottom  of  the  furnace.  In 
this  way,  the  air  was  kept  moving 
through  the  house  and  through  the 
hot-air  furnace. 

Look  at  the  picture  on  page  116  and 
see  how  the  air  moves.  Are  the 
arrows  placed  correctly  to  show  how 
the  air  moves?  What  makes  the  air 
move  up  to  the  rooms?  What  makes 
it  come  back  to  the  furnace? 

Do  an  experiment  to  find  out 
whether  the  air  near  the  ceiling  is 
warmer.  Get  two  thermometers. 
Hang  one  up  near  the  ceiling  and 
place  the  other  near  the  floor.  In  a 
few  minutes,  read  both  thermometers. 

What  you  have  just  learned  about 
hot  and  cold  air  will  help  you  venti- 
late your  bedroom.  As  you  probably 
know,  ventilate  means  change  the  air. 
This  experiment  will  show  you  how 
to  do  it.  Open  one  of  the  windows 
in  your  schoolroom  at  both  the  top 
and  the  bottom.  Fasten  several  strips 
of  paper  to  the  top  of  a window  pole. 
Then  hold  the  pole  so  that  the  strips 
of  paper  are  at  the  top  opening  of  the 
window.  Also  hold  some  other  strips 
of  paper  at  the  lower  opening. 


Watch  the  strips  of  paper  to  see 
which  way  they  are  moved  by  the 
air.  How  can  you  tell  at  which  open- 
ing fresh  air  comes  into  the  room? 
The  fresh,  cool  air  comes  into  the 
room  at  the  lower  opening  and  pushes 
the  lighter,  warm  air  to  the  top  of  the 
room  and  out  at  the  top  opening  of 
the  window. 

You  have  learned  how  important 
fresh  air  is  in  keeping  you  healthy. 
A well-ventilated  room  is  a much 
more  healthful  place  than  one  that  is 
not  well-ventilated.  At  night,  if  you 
open  your  bedroom  window  at  the  top 
and  also  at  the  bottom,  your  room 
will  have  plenty  of  fresh  air. 


1.  How  does  a hot-air  furnace  heat  a house? 

2.  Trace  the  moving  air  in  the  picture  on  page  116  and  tell  how 

the  rooms  are  heated. 

3.  How  would  you  open  the  windows  to  ventilate  a room?  Explain 

why  you  would  do  it  in  this  way. 


HEATING  AND  COOLING  117 


Which  of  these  will  melt  first — the  paraffin , the  lead , or  the  ice? 


How  are  solids  changed  to  liquids? 


Suppose  you  try  this  experiment. 

Take  an  iron  pan  and  put  in  it  a 
piece  of  hard  butter,  a piece  of  paraf- 
fin, a piece  of  lead,  and  a piece  of 
aluminum.  Put  the  pan  over  a hot 
fire.  Which  materials  melt  first?  The 
butter  and  the  paraffin  melt  first. 
Pour  them  out  as  soon  as  they  have 
melted.  The  lead  melts  next.  Did  the 
aluminum  melt?  You  could  not  get 
the  pan  hot  enough  to  melt  the  alumi- 
num or  the  iron  of  the  pan.  But  you 
probably  know  that  fires  can  be  made 
so  hot  that  they  will  melt  iron  and 
aluminum. 

Many  solids  change  to  liquids  when 
they  get  hot,  but  different  kinds  of 
solids  melt  at  different  temperatures. 
The  temperature  at  which  a solid 
melts  or  changes  to  a liquid  is  called 
the  melting  point  of  that  solid. 

Do  you  know  what  the  melting 
point  of  ice  is?  You  can  find  out  if 
you  try  this  experiment.  Put  a ther- 


mometer into  a pan  of  melting  ice. 
Look  at  the  thermometer  several 
times  as  the  ice  melts.  If  you  were 
careful,  you  found  that  the  melting 
point  of  ice  is  32°  F.  (F.  stands  for 
Fahrenheit , the  kind  of  thermometer 
we  usually  use.  The  little  circle  after 
32  means  degrees.)  When  the  tem- 
perature of  ice  gets  to  32  degrees 
Fahrenheit,  the  ice  changes  to  water. 

Lead  must  be  heated  to  620°  F. 
before  it  will  change  to  a liquid.  Alu- 
minum must  be  heated  to  about 
2000°  F.  before  it  will  melt.  The  big 
furnaces  where  iron  is  melted  go  to 
a temperature  of  over  2700°  F.  before 
the  iron  in  them  will  melt. 

When  the  melted  materials  get  cool 
enough,  they  change  to  solids  again. 
So  we  can  melt  solids  and  mold  them 
into  the  shapes  we  want.  Many  of  the 
iron  things  we  use  are  made  by  melt- 
ing iron  and  pouring  the  liquid  iron 
into  molds. 
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The  red-hot  aluminum  is  being  poured  into  molds.  When  it  cools3  it  will  harden  into 
solid  pieces  that  have  the  shape  of  the  mold. 


Scientists  have  spent  years  and 
years  experimenting  to  find  out  how 
to  melt  metals  and  to  mold  them  into 
different  shapes.  The  Indians  found 
copper  long  before  white  people  came 
here,  but  they  did  not  make  much  use 
of  it.  They  could  only  hammer  it  into 
shape  with  stones.  They  did  not  know 
how  to  melt  it.  So  they  could  not  pour 
it  into  molds  to  make  things  of  dif- 
ferent shapes. 


We  could  not  mix  metals,  either,  if 
we  did  not  know  how  to  melt  them. 
You  have  often  seen  pieces  of  brass. 
Brass  is  a bright  yellow  metal  made 
by  melting  and  mixing  copper  and 
zinc.  Bronze  is  made  by  melting  and 
mixing  copper  and  tin.  Bronze  will 
not  rust.  It  is  harder  than  either 
copper  or  tin.  Statues  and  other  things 
that  are  outdoors  all  the  time  are 
often  made  of  bronze. 


1.  What  do  we  mean  by  the  melting  point  of  a solid? 

2.  Why  do  we  sometimes  need  to  melt  solids? 

3.  Why  would  lead  be  a poor  metal  to  use  for  making  cooking  pans? 

4.  Why  do  we  sometimes  want  to  mix  metals? 
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How  are  liquids  changed  to  gases? 


In  winter,  people  put  some  alcohol 
or  another  liquid  in  the  radiator  of 
an  automobile  to  keep  the  water  from 
freezing.  Perhaps  you  have  heard 
someone  say,  “My  radiator  boiled 
yesterday,  and  I suppose  the  alcohol  is 
all  gone.  I’ll  have  to  get  some  more.” 
Do  you  know  what  became  of  the 
alcohol?  Do  you  know  why  the  al- 
cohol changed  to  a gas  before  the 
water  did?  If  you  boil  some  alcohol, 
you  will  understand  why  the  alcohol 
changed  to  a gas  and  left  the  water 
behind.  If  you  put  a thermometer  in 
water,  the  thermometer  will  show 
212°  F.  when  the  water  boils.  But  if 
you  put  a thermometer  in  alcohol,  the 
thermometer  will  show  172°  F.  when 
the  alcohol  boils. 

No  matter  how  fast  a liquid  boils, 
it  will  not  get  any  hotter  than  it  is 
when  it  first  begins  to  boil.  When 
it  boils,  it  is  changing  from  a liquid 
to  a gas  just  as  fast  as  it  can.  The 
temperature  at  which  a liquid  boils 
is  called  its  boiling  point.  The  boiling 
point  of  water  is  212°  F.,  and  the  boil- 
ing point  of  alcohol  is  172°  F.  Every 
liquid  has  its  own  boiling  point. 

When  an  automobile  engine  runs, 
the  alcohol  and  water  in  the  radia- 
tor both  get  warm.  If  they  get  as 
hot  as  172°  F.,  the  alcohol  will  boil 
and  change  to  a gas.  But  the  water 
is  not  yet  hot  enough  to  boil.  Some 
of  the  water  will  change  to  a gas,  but 


it  will  not  change  very  fast  until  it 
boils.  It  will  not  boil  until  it  reaches 
212°  F.  So  most  of  the  water  stays 
in  the  radiator  long  after  all  the  al- 
cohol has  gone  out  into  the  air. 

But,  of  course,  you  know  that  you 
do  not  have  to  boil  a liquid  to  make  it 
change  to  a gas.  Water  is  always 
changing  from  a liquid  to  a gas,  or 
evaporating.  This  is  what  happens 
when  water  in  an  open  dish  or  glass 
disappears.  The  water  that  is  in  the 
air  is  called  water  vapor.  Water  vapor 
is  a gas.  You  cannot  see  it. 

We  get  some  of  our  supply  of  salt 
by  evaporating  water.  The  water  in 
the  oceans  and  in  some  big  lakes,  such 
as  Great  Salt  Lake  in  Utah,  has  much 
salt  in  it.  When  the  water  evaporates, 
the  salt  is  left  behind.  To  get  the  salt, 
the  water  is  pumped  into  large,  flat 
basins.  The  water  evaporates,  and  the 
salt  can  be  shoveled  up.  The  picture 
on  the  next  page  shows  how  salt  is 
taken  from  the  water  in  Great  Salt 
Lake  in  this  way. 

You  can  do  some  experiments  to 
find  out  more  about  how  different 
liquids  evaporate.  Take  two  pans  that 
are  just  alike  and  put  exactly  the 
same  amount  of  water  in  each  pan. 
Mark  each  pan  to  show  just  how  high 
the  level  of  the  water  is.  Heat  one  of 
the  pans  slowly.  Do  not  heat  the  other 
one.  After  half  an  hour  look  at 
the  pans.  Did  heating  make  the 
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This  white  material  looks  like  snow.  But  it  is  salt  that  was  left  when  water  from 

Great  Salt  Lake  evaporated. 


water  evaporate  faster  in  one  of  them? 
Why  is  it  important  to  have  the  same 
amount  of  water  in  each  of  the  two 
pans  before  you  begin  to  heat  one 
of  them? 

Now  get  two  saucers  that  are  ex- 
actly alike  in  shape  and  size.  Put  a 
tablespoonful  of  alcohol  in  one  saucer 
and  a tablespoonful  of  water  in  the 


other.  Let  them  stand  for  an  hour. 
Then  measure  the  liquid  in  each 
saucer.  Which  liquid  is  evaporating 
faster?  Scientists  know  that  some 
liquids  evaporate  faster  than  others. 
Does  gasoline  evaporate  more  quick- 
ly than  water?  If  you  do  not  know, 
how  can  you  find  the  answer  to  this 
question? 


1.  Do  all  liquids  boil  at  the  same  temperature?  Give  an  example  to 

explain  your  answer. 

2.  What  does  evaporate  mean? 

3.  Will  a hot  fire  make  boiling  water  any  hotter  than  212°F.?  How 

could  your  mother  save  fuel  by  knowing  this? 

4.  Why  will  clothes  dry  more  quickly  if  they  are  hung  in  the  sun 

than  if  they  are  hung  in  the  shade? 
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How  is  water  vapor  changed  to  liquid  water? 


Water  that  has  evaporated  into 
the  air  can  be  changed  to  a 
liquid  again.  Do  you  know  how? 
Here  is  a picture  of  a teakettle  full  of 
boiling  water.  Look  carefully  at  the 
picture.  Can  you  see  anything  close 
to  the  spout  of  the  kettle?  This  space 
that  looks  empty  is  really  filled  with 
steam.  You  cannot  see  it,  because 
it  is  a colorless  gas.  Steam  is  very, 
very  hot.  It  is  water  vapor  that  is 
at  the  same  temperature  as  boiling 
water. 

When  the  hot  steam  gets  a little 
farther  away  from  the  hot  kettle,  it 
gets  cooler  and  changes  into  very  tiny 
drops  of  water  again.  These  tiny  drops 


make  the  white  cloud  a short  distance 
from  the  spout  of  the  teakettle.  If 
you  hold  a cold  plate  in  this  cloud, 
the  plate  will  soon  be  covered  with 
water.  How  does  this  water  get  on 
the  plate? 

The  steam,  which  is  a gas,  changes 
to  liquid  water  when  the  steam  is 
cooled  on  the  cold  plate.  The  air  near 
the  spout  of  the  teakettle  is  also  cool 
enough  to  change  the  steam  back  into 
tiny  drops  of  water.  We  say  that  the 
steam  condenses.  Condense  means 
change  from  a gas  to  a liquid.  Cool- 
ing helps  gases  condense.  Heating 
helps  liquids  evaporate. 

Air  always  has  some  water  vapor 
in  it.  If  the  air  is  cooled  enough,  some 
of  the  water  vapor  condenses.  You 
may  have  seen  this  happen  when  you 
made  a pitcher  of  ice-cold  lemonade 
in  the  summer.  The  air  around  the 
pitcher  is  cooled.  Some  of  the  wa- 
ter vapor  in  it  condenses.  Tiny  drops 
of  water  form  on  the  pitcher.  And  if 
you  blow  your  breath  against  a cold 
windowpane,  the  same  thing  happens. 
Your  breath  contains  a great  deal  of 
water  vapor.  This  water  vapor  con- 
denses when  it  strikes  the  cold 
windowpane. 


1 . What  does  condense  mean? 

2.  Before  water  vapor  will  condense,  what  must  happen? 

3.  Have  you  ever  seen  steam?  Explain  your  answer. 
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—QUESTIONS 

1.  If  very  hot  water  is  poured  into 
a drinking  glass,  the  glass  will  usually 
break.  Why  does  this  happen?  What 
does  this  tell  you  about  washing  dishes? 

2.  Baking  powder  is  often  mixed  in 
the  flour  to  make  biscuits  or  cake. 
When  the  dough  is  heated,  the  baking 
powder  forms  carbon-dioxide  gas.  The 
gas  is  trapped  in  the  dough.  As  the 
dough  is  heated,  it  gets  larger.  Why? 

3.  Why  does  the  ceiling  above  a ra- 
diator or  register  get  dirtier  than  the 
rest  of  the  ceiling? 

4.  Why  do  smoke  and  steam  usually 
go  up  instead  of  down? 

5.  Why  does  water  sometimes  col- 
lect on  windowpanes  inside  the  house 
when  it  gets  cold  outside?  Where  does 
the  water  come  from? 


THING 

1.  Find  out  what  “dry  ice”  is.  Prob- 
ably a druggist  can  tell  you.  Make 
a report  to  the  class. 

2.  Find  out  one  reason  why  rivets 
ale  heated  red-hot  when  they  are  put 
into  steel  beams  to  hold  the  beams  to- 
gether. 

3.  Make  a list  of  some  things  at 
home  and  at  school  that  have  been 
made  by  changing  a solid  to  a liquid  and 
then  letting  the  liquid  cool. 

4.  When  water  freezes,  does  it  ex- 
pand or  contract?  Make  up  an  ex- 
periment to  show  that  your  answer 
is  correct. 


TO  ANSWER— — 

6.  Wooden  wagon  wheels  usually 
have  iron  rims.  Before  they  are  put 
on  the  wheels,  the  rims  are  heated  very 
hot.  Then  they  are  slipped  over  the 
wheels  and  allowed  to  cool.  Why  are 
the  rims  heated  before  they  are  put  on? 

7.  Sometimes  we  keep  materials  in 
bottles  with  glass  stoppers.  These 
stoppers  often  are  hard  to  get  out.  How 
could  you  use  what  you  have  learned 
about  heat  to  help  you  remove  a glass 
stopper  that  was  stuck  tight? 

8.  In  a pond  or  lake,  where  will  the 
warmest  water  be  in  summer?  Where 
will  the  coldest  water  be?  Explain 
your  answer. 

9.  Why  can  you  “see  your  breath” 
on  a very  cold  day  but  not  on  a warm 
day? 


TO  DO 

5.  Find  out  whether  water  is  dif- 
ferent from  other  liquids  in  the  way 
that  it  acts  when  it  freezes. 

6.  If  you  can  get  a can  of  automobile 
antifreeze  mixture,  read  the  directions 
on  it.  Tell  the  class  everything  you 
learn  about  the  directions. 

7.  Make  a drawing  of  a room  with 
a stove  at  one  side.  Show  by  arrows 
how  the  air  currents  move. 

8.  Make  a pinwheel  of  paper.  Hold 
it  over  a hot  register,  stove,  or  radia- 
tor. Why  does  it  turn? 

9.  Find  out  how  the  Fahrenheit 
thermometer  got  its  name. 
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* How  materials  are  different  from  each  other  * 

* How  we  can  change  the  characteristics  of  materials  * What  elements  are  * 
* How  elements  are  joined  together  * How  we  use  chemical  changes  * 

* How  we  can  prevent  harmful  chemical  changes  * 


* In  Unit  Five  You  Will  Learn  * 


What  Are  Things  Made  Of? 


Did  you  ever  find  a piece  of  some- 
thing and  wonder  what  it  was 
made  of?  Perhaps  it  was  a stone  with 
bits  of  white,  yellow,  and  black  ma- 
terials in  it.  Or  perhaps  it  was  a piece 
of  metal  that  was  different  from  any- 
thing you  had  ever  seen  bef  ore.  When 
you  said  to  yourself,  “I  wonder  what 
it  is  made  of,”  you  were  asking  a 
question  that  people  began  to  ask 
many  thousands  of  years  ago. 

Those  people  of  long  ago  saw  many 
of  the  same  things  happening  that 
you  see.  They  saw  a big  pile  of  wood 
burn  and  leave  only  a small  pile  of 
gray  ashes.  They  saw  bright  iron 
swords  turn  to  a dull  brown  color 
when  they  rusted.  And  they  saw 
copper  kettles  change  from  brown  to 
green.  Red,  juicy  meat  that  was  good 
to  eat  on  one  day  would  change  color 
and  be  spoiled  a few  days  later.  If 
they  ate  the  spoiled  meat,  they  often 
found  that  it  would  make  them  sick. 
All  this  made  them  wonder  what 
things  were  made  of  and  why  they 
changed. 


Over  2000  years  ago,  a famous 
thinker  lived  in  Greece.  He  decided 
that  he  knew  what  things  were  made 
of.  He  said,  “Everything  in  the  world 
is  made  of  air,  water,  soil,  and  fire.” 
Why  do  you  suppose  he  thought  that? 
He  knew  that  living  things  need  air 
and  water  to  live  and  to  grow.  So  he 
decided  that  many  things  must  have 
air  and  water  in  them.  He  knew  that 
plants  grow  out  of  the  soil  and  that 
animals  need  plants  for  food.  He 
thought  that  there  must  be  some  soil 
in  all  living  things. 

Fire  was  a mysterious  thing  that 
no  one  could  understand.  It  seemed 
to  come  out  of  wood,  cloth,  and  other 
materials  when  they  burned.  So  the 
wise  man  decided  that  there  must  be 
fire  in  many  things  in  the  world,  too. 

The  famous  Greek  thinker  of  long 
ago  thought  that  everything  in  the 
world  must  be  made  of  these  four 
things — air,  water,  soil,  and  fire.  For 
hundreds  of  years,  people  believed 
that  this  was  true. 

Then  people  began  to  look  at  things 
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more  carefully  and  to  do  experiments. 
So  they  began  to  find  the  right  answer 
to  the  question  “What  are  things  made 
of?”  We  still  do  not  know  all  of  the 
answer  to  this  question.  But  scien- 
tists are  working  all  the  time  to  find 
out  more  about  how  things  are  made. 

When  you  study  this  unit,  you 
will  learn  more  about  materials  than 


the  wisest  men  knew  in  the  days  of 
the  great  Greek  thinker.  You  will 
learn  what  things  are  made  of  and 
what  happens  when  materials  change. 
A good  way  for  you  to  begin  is  to 
look  at  some  of  the  things  that  you 
see  and  use  every  day.  The  many 
things  that  you  find  out  about  mate- 
rials will  probably  surprise  you. 


How  are  materials  different  from  each  other? 


Suppose  each  one  in  your  class 
brings  two  or  three  things  made  of 
different  kinds  of  materials  to  study. 
Here  are  some  of  the  things  that  one 
science  class  brought — a piece  of  coal, 
a lump  of  wax,  vinegar,  water,  but- 
tons, wood,  stone,  rope,  milk,  nails,  a 
tin  can,  maple  syrup,  salt,  an  apple, 
and  some  sugar.  Henry  even  brought 
a bottle  of  carbon-dioxide  gas.  His 
father  owned  a drug  store,  and  he  told 
Henry  that  carbon  dioxide  is  used  to 
make  the  “fizz”  in  soda  water.  He 
took  some  of  the  gas  from  a big  steel 
tank  and  put  it  into  a bottle  so  that 
Henry  could  carry  it  to  school. 

When  you  have  your  collection  of 
materials  ready,  separate  them  into 
three  groups — solids,  liquids,  and 
gases.  Then  look  at  each  kind  of 
material  carefully  to  find  out  what  it 
is  like.  Look  for  things  that  will  help 
you  describe  the  materials  to  someone 
else.  Feel  them,  look  at  them,  smell 
them,  and  squeeze  them.  You  may 
try  to  pull  them  apart  and  try  to  bend 


them.  Ask  your  teacher  which  ma- 
terials are  safe  to  heat  and  taste.  But 
you  must  be  careful  not  to  heat  or 
taste  materials  unless  you  know  what 
they  are.  The  material  might  explode, 
or  it  might  be  poisonous.  Never  heat 
or  taste  any  material  unless  your 
teacher  says  that  it  is  safe  to  do  so. 

While  you  are  looking  at  these 
materials,  write  on  the  blackboard  or 
on  a piece  of  paper  the  different  words 
you  would  use  to  tell  what  the  ma- 
terials are  like.  When  you  get  through, 
you  should  have  a list  somewhat  like 
this  one  that  one  class  made. 


Hard 

Rough 

Soft 

Smooth 

Springy 

Easy  to  melt 

Brittle 

Hard  to  melt 

Sticky 

Can  be  stretched 

Watery 

Can  be  bent 

White 

Can  be  squeezed 

Black 

Strong 

Sour 

Weak 

Sweet 

Shiny 

Colorless 

Dull 
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What  materials  do  you  see  in  this  picture?  What  are  some  of  their  characteristics? 


Write  this  sentence  at  the  top  of 
your  list.  “These  are  some  of  the 
characteristics  of  materials.” 

Do  you  know  what  the  word  char- 
acteristics means?  When  we  want  to 
describe  a person,  we  tell  what  his 
characteristics  are.  Perhaps  you  have 
blue  eyes,  dark-brown  hair,  freckles 
on  your  face,  and  a little  scar  on  your 
finger  where  you  cut  it  last  month. 
These  are  some  of  your  charac- 
teristics. They  describe  you.  Other 
people  know  who  you  are  by  these 
characteristics.  Each  kind  of  mate- 
rial has  characteristics  of  its  own  that 
tell  us  what  the  material  is  like. 


The  way  we  use  a material  depends 
on  its  characteristics.  What  charac- 
teristics of  glass  make  it  good  for 
windows?  You  can  probably  answer 
this  question  very  easily.  First  of  all, 
you  know  that  you  can  see  through 
some  kinds  of  glass.  Then,  too,  glass 
will  not  soak  up  water.  If  it  did  soak 
up  water,  windows  would  get  soaking 
wet  every  time  it  rained. 

The  boys  and  girls  in  the  science 
class  were  examining  all  the  materials 
they  had  brought  to  class.  They 
wanted  to  find  the  important  charac- 
teristics of  each  material.  They 
stretched  a rubber  band,  and  the  band 
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What  happened  to  the  blue  litmus  paper  when  the  girl  put  one  end  into  some  vinegar? 


snapped  back  when  they  let  go  of  it. 
They  had  found  that  rubber  is  elastic, 
or  springy.  They  squeezed  a piece  of 
cotton  and  a sponge  and  saw  that 
they  could  make  these  take  up  less 
room.  This  showed  them  that  cotton 
and  sponges  could  be  compressed , or 
made  smaller  by  squeezing. 

As  the  boys  and  girls  were  finding 
the  characteristics  of  the  different 
materials,  something  funny  happened. 
Jane  saw  some  brown  liquid  in  a jar. 
She  asked  the  teacher  if  it  would  be 
safe  to  taste  it.  When  Jane  was 
allowed  to  taste  it,  she  swallowed  a 
spoonful  of  it.  You  should  have  seen 
her  face!  The  liquid  was  vinegar,  and 
Jane  learned  one  of  its  main  charac- 
teristics. It  is  sour. 

The  boys  and  girls  knew  that  it  was 
dangerous  to  taste  a liquid  if  they  did 
not  know  what  it  was.  The  liquid 


might  be  poisonous.  So  the  boys  and 
girls  asked  if  there  is  a safe  way  to 
find  out  whether  anything  is  sour. 

“Yes,  there  is  a safe  way,”  said  the 
teacher.  “Everything  that  is  sour  has 
acid  in  it.  I’ll  show  you  how  a scientist 
tests  a material  to  see  whether  it  has 
acid  in  it.  He  doesn’t  have  to  taste  it.” 

She  got  a strip  of  paper  called 
litmus  paper.  This  litmus  paper  was 
blue.  She  put  one  end  of  the  litmus 
paper  in  a small  amount  of  vinegar. 
When  she  took  it  out,  the  end  that  had 
been  in  the  vinegar  had  turned  from 
blue  to  red.  A scientist  knows  that 
anything  with  acid  in  it  will  turn 
blue  litmus  paper  red. 

The  boys  and  girls  tested  other 
things.  They  cut  a lemon  in  half  and 
put  one  end  of  the  blue  litmus  paper 
against  the  cut  surface  of  the  lemon. 
The  lemon  turned  the  paper  red. 
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This  showed  that  the  lemon  had  acid 
in  it,  too.  Then  they  mixed  some  bak- 
ing soda  in  water.  When  the  blue 


litmus  paper  was  put  into  this,  it  did 
not  turn  red.  Does  baking  soda  have 
acid  in  it? 


Safety  rules  for  handling  materials 

1.  Never  taste  anything  if  you  do  not  know  what  it  is. 

2.  Never  heat  materials  unless  you  know  that  they  will  not  explode. 

3.  Never  mix  materials  that  may  explode  or  burst  into  flame. 

4.  When  you  are  heating  a material,  clear  away  everything  that  may 

catch  fire. 

5.  If  you  get  an  acid  that  burns  on  yourself  or  your  clothes,  wash 

it  off  quickly.  Baking  soda  dissolved  in  water  is  good  to  use. 


1.  What  characteristics  of  iron  make  it  a good  material  for  bridges? 

2.  Tell  how  you  would  find  out  whether  oranges  and  apples  have 

acid  in  them. 

3.  What  characteristics  of  wood  make  it  a good  material  for  furniture? 

4.  Compare  the  characteristics  of  cellophane  and  tissue  paper.  Why 

is  cellophane  better  than  tissue  paper  for  wrapping  food? 


How  can  you  find  out  which  of  these  materials  have  acid  in  them? 
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How  can  we  change  the  characteristics  of  materials? 


Suppose  you  take  two  or  three 
of  the  materials  that  you  have 
brought  to  school  and  try  to  think  of 
ways  in  which  you  can  change  some 
of  their  characteristics.  How  could 
you  change  the  characteristics  of  wa- 
ter? Right  away,  you  may  think  of 
freezing  it  and  of  boiling  it.  When 
you  freeze  it,  it  changes  from  a liquid 
to  a solid.  When  you  boil  it,  it  changes 
from  a liquid  to  a gas.  Solid  blocks 
of  wax  or  paraffin  like  those  in  the 
picture  can  be  changed  to  a liquid 
by  heating  them.  A piece  of  lead  will 
change  to  a liquid  if  you  make  it  hot 
enough. 

But  what  happens  to  liquid  wax 
when  it  is  poured  onto  some  cool 


jelly?  And  what  happens  to  melted 
lead  when  it  cools?  Does  the  water, 
the  wax,  or  the  lead  change  into  a 
new  material  when  it  is  heated  or 
cooled?  No,  it  does  not.  The  lead  is  still 
lead,  the  wax  is  wax,  and  the  water  is 
water,  no  matter  whether  they  are 
solid,  liquid,  or  gas.  A change  like 
this  is  called  a physical  change.  The 
material  changes  its  form  or  shape, 
but  it  does  not  change  into  a different 
kind  of  material. 

You  know  that  some  materials  can 
be  dissolved  in  liquids.  You  have  dis- 
solved sugar  in  water  when  you  were 
making  lemonade.  And  probably  you 
have  dissolved  salt  in  water,  too.  If 
you  tasted  the  water,  you  could  tell 
that  the  sugar  or  the  salt  had  not 
been  changed  into  something  else. 
They  were  still  the  same  materials, 
even  though  they  had  been  dissolved 
in  water.  The  change  that  takes  place 
in  materials  when  they  dissolve  is  a 
physical  change. 

Now  let  us  do  an  experiment  to 
show  a very  different  way  in  which 
we  can  change  materials.  Fill  a test 
tube  about  one-fourth  full  of  sugar. 
If  you  do  not  have  a test  tube,  use  a 
metal  lid  from  a jar  or  can.  Heat  the 
sugar  for  several  minutes.  Watch 
closely  to  see  what  happens.  The 
white  sugar  turns  to  a brown  liquid. 
Then  you  can  see  a white  material 
coming  from  it.  After  a few  minutes, 
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a black  material  is  all  that  is  left. 
What  do  you  think  happened? 

You  have  changed  the  sugar  into 
something  entirely  different.  The  ma- 
terial left  in  the  test  tube  does  not 
have  any  of  the  characteristics  of 
sugar,  because  it  is  no  longer  sugar. 
Sugar  is  white,  but  this  new  material 
is  black.  If  you  cool  this  black  ma- 
terial and  taste  it,  you  will  find  that  it 
is  not  sweet.  When  you  dissolve  sugar 
in  water,  you  do  not  change  it  into 
anything  else.  But  when  you  heat 
sugar,  you  change  it  into  a different 
material. 

You  have  often  seen  other  changes 
that  make  new  materials.  You  have 
seen  bright,  shining  iron  or  steel 
changed  to  a brown,  rusty  material. 
Perhaps  you  have  lost  a pocketknife 
and  have  found  it  out  in  the  yard 
several  days  later.  You  can  easily 
rub  off  some  of  the  brown  rust  with 
your  fingers.  Or  perhaps  you  have 
seen  an  old  tin  can  that  has  been  out- 
doors for  a year  or  more.  You  know 
that  such  a can  is  full  of  holes  and  that 
it  is  soft  and  crumbly.  We  say  that 
the  can  has  rusted.  A new  material 
has  been  made  out  of  the  material  of 
the  can. 

The  changes  that  happen  when 
sugar  is  heated  and  when  iron  rusts 
are  very  different  from  the  changes 
that  happen  when  you  melt  wax  or 
lead  or  when  you  evaporate  water  or 
dissolve  salt  in  water.  The  heated 
sugar  changes  into  something  else. 


And  the  rusted  iron  becomes  some- 
thing different.  New  kinds  of  mate- 
rials are  made. 

These  new  materials  are  different 
from  the  old  materials.  This  kind  of 
change  is  called  a chemical  change. 
When  a chemical  change  takes  place 
in  a material,  it  changes  to  a new 
material.  This  new  material  has  char- 
acteristics that  are  different  from  the 
characteristics  of  the  old  material. 

You  have  seen  chemical  changes 
going  on  around  you  ever  since  you 
were  old  enough  to  notice  them.  In 
autumn,  when  leaves  turn  from  green 
to  red,  yellow,  orange',  and  brown,  a 
chemical  change  has  taken  place  in 
the  leaves.  Different  materials  have 
been  made  inside  the  leaves.  When 
you  find  a piece  of  soft,  brown,  crum- 
bly, decayed  wood,  you  are  looking  at 
something  that  has  been  made  by  a 
chemical  change.  The  hard  yellow  or 
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What  chemical  changes  are  taking  place  in  this  picture? 


white  wood  that  could  have  been 
made  into  a piece  of  furniture  has 
been  changed  into  something  else. 

Every  time  you  light  a fire,  you 
start  a chemical  change.  Burn  a small 
splinter  of  wood  in  a metal  pan.  Be 
very  careful  to  see  that  there  is  noth- 
ing near  the  pan  which  can  catch 
fire.  Watch  the  piece  of  wood  change. 
After  part  of  the  splinter  has  burned, 
put  out  the  flame.  What  has  become 
of  part  of  the  wood?  What  color  is  the 
stick  where  it  was  partly  burned? 

You  can  see  that  a chemical  change 
has  taken  place,  because  the  gray 
ashes  and  the  black  material  are  very 


different  from  the  piece  of  wood.  A 
big  piece  of  hard,  black  coal  changes 
into  a little  pile  of  soft,  gray  ashes 
when  it  burns.  The  ashes  are  very 
different  from  the  coal  that  burned. 

Chemical  changes  are  taking  place 
inside  your  body  all  the  time.  Your 
body  is  like  a chemical  factory.  Some 
of  the  food  that  you  ate  today  is  being 
changed  into  part  of  you.  This  is  a 
chemical  change.  Put  a small  piece 
of  bread  or  a cracker  into  your  mouth 
and  chew  it  for  a long  time.  How  does 
the  taste  change?  If  you  hold  it  in 
your  mouth  long  enough,  the  starch 
in  the  bread  or  the  cracker  will 


132  UNIT  five 


change  into  something  that  tastes 
sweet.  This  is  one  of  the  chemical 
changes  that  make  the  food  ready 
for  use  in  your  body. 

Every  day,  meat,  potatoes  and  other 
vegetables,  milk,  fruit,  eggs,  and  other 
foods  are  being  changed  into  blood, 
muscles,  bones,  and  teeth.  You  could 
not  live  if  the  food  you  ate  were  not 
changed  into  part  of  you. 


Remember  that  there  are  two  kinds 
of  changes  that  can  take  place  in 
materials. 

1.  When  a material  changes  in 
form  or  shape  but  does  not  change 
into  a new  material,  scientists  say  that 
a physical  change  has  taken  place. 

2.  If  a material  changes  to  a new 
material,  they  say  that  a chemical 
change  has  taken  place. 


1.  How  is  a chemical  change  different  from  a physical  change?  Give 

an  example  of  each  kind  of  change. 

2.  When  you  peel  potatoes , do  you  cause  a chemical  change?  Explain 

your  answer. 

3.  Why  is  burning  a piece  of  wood  a different  kind  of  change  from 

melting  a piece  of  iron? 

4.  What  do  chemical  changes  do  to  materials? 

5.  How  are  the  characteristics  of  wood  different  from  the  charac- 

teristics of  wood  ashes? 

6.  After  a chemical  change  has  turned  the  green  leaves  to  their 

autumn  colors,  what  characteristics  of  the  leaves  are  still  the 
same?  What  characteristics  are  different? 

7.  Why  are  chemical  changes  important  to  you? 


What  are  elements? 


What  do  you  think  happened 
to  the  sugar  when  you  heated 
it?  And  what  is  the  brown  material 
that  you  rub  from  a rusty  knife? 
Before  you  can  answer  these  ques- 
tions or  understand  the  other  chem- 
ical changes  that  take  place  around 
you,  you  will  have  to  know  what 
elements  are  and  what  we  can  do 
with  them. 


You  remember  that  a famous  man 
of  long  ago  thought  that  everything 
in  the  world  was  made  of  just  four 
things — air,  water,  fire,  and  soil.  He 
called  these  things  elements.  But  sci- 
entists now  know  that  air,  water,  fire, 
and  soil  are  not  elements  at  all.  They 
have  found  98  different  elements. 
All  the  different  things  in  the  world 
are  made  of  these  98  elements. 
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Each  of  these  things  has  in  it  a large  amount  of  the  element  named  near  it. 


You  have  seen  some  of  these  ele- 
ments. You  have  seen  iron,  gold, 
copper,  lead,  silver,  nickel,  and  alu- 
minum. Perhaps  you  have  also  seen 
mercury,  or  quicksilver,  and  sulphur. 
These  are  elements,  too.  You  will 
never  see  some  of  the  98  elements, 
because  they  are  colorless  gases.  The 
oxygen  in  the  air  is  one  of  these  color- 
less elements.  The  air  also  contains 
nitrogen  and  small  amounts  of  sev- 
eral other  colorless  gases  that  are 
elements. 

You  probably  will  never  see  some 
of  the  other  elements,  because  they 
are  so  scarce.  Some  elements  are  so 
very  scarce  that  you  would  never  find 


them  unless  you  went  to  some  great 
science  laboratory  to  see  them. 

Collect  as  many  different  elements 
as  you  can  find.  Label  them  and  put 
them  on  a shelf  for  an  exhibit.  One 
science  class  was  able  to  find  eleven 
elements.  They  had  lead,  iron,  copper, 
gold,  silver,  nickel,  aluminum,  and 
sulphur.  To  get  two  other  elements, 
zinc  and  carbon,  one  of  the  boys  took 
an  old  electric  cell  apart.  The  thin 
sheet  of  gray  metal  around  the  cell 
was  zinc.  The  black  rod  in  the  mid- 
dle was  carbon.  One  boy  brought  an 
electric-light  bulb.  His  father  had  told 
him  that  the  wire  inside  was  made  of 
an  element  called  tungsten. 
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Do  you  know  why  we  call  these  ma- 
terials elements?  If  you  look  in  the 
dictionary,  you  will  find  that  ele- 
ment means  the  simplest  material 
from  which  other  materials  are  made. 
Iron,  silver,  copper,  lead,  and  the 
other  elements  are  the  simplest  ma- 
terials in  the  world.  You  can  take  one 
of  these  elements,  such  as  iron,  and 
crush  it,  grind  it  into  the  finest  kind  of 
powder,  heat  it,  or  dissolve  it  in 
liquids.  But  you  cannot  find  any  ma- 
terial in  it  except  iron.  For  this  rea- 
son, we  call  it  an  element.  An  element 
is  made  only  of  itself,  not  of  two  or 
more  materials  put  together.  Iron  is 


made  only  of  iron.  Gold  is  made  only 
of  gold. 

All  the  things  in  the  world  are 
made  of  these  98  elements.  The  next 
time  anyone  asks  you  the  question 
“What  is  it  made  of?”  you  can  be 
sure  you  are  right  if  you  say,  “It  is 
made  of  one  or  more  elements.”  Some 
materials,  like  water,  carbon  dioxide, 
and  salt,  are  made  up  of  only  two 
elements.  Others,  like  sugar,  washing 
soda,  and  alcohol,  are  made  of  three 
elements.  There  are  many  materials 
that  are  made  of  more  than  three 
elements.  Pure  baking  soda  has  four 
elements  in  it. 


1.  How  is  an  element  different  from  other  materials? 

2.  Why  can  some  of  the  elements  not  he  seen? 

3.  How  many  elements  have  scientists  found? 

4.  When  is  a material  not  an  element?  Give  some  examples. 

5.  Name  some  elements  you  have  seen. 


How  are  elements  joined  together? 


Think  carefully  again  about 
what  happened  to  the  sugar  when 
you  heated  it.  A black  material  stayed 
in  the  test  tube.  A white  material 
went  out  of  the  test  tube.  Do  you 
think  that  sugar  is  an  element?  It 
looks  as  if  the  sugar  has  been  changed 
into  other  materials.  That  is  exactly 
what  has  happened.  The  black  mate- 
rial left  in  the  test  tube  was  the  ele- 
ment carbon.  The  white  material  had 


two  elements  in  it — hydrogen  and 
oxygen. 

So  you  see  that  sugar  is  a material 
that  is  made  of  simpler  materials. 
Sugar  is  a compound.  It  is  made  of 
three  elements — carbon,  hydrogen, 
and  oxygen.  A compound  is  a ma- 
terial made  of  different  elements 
joined  together. 

When  the  boys  and  girls  in  the 
science  class  were  talking  about  this, 
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Have  the  sulphur  and  iron  combined  to  make  a new  material?  Why  do  you  think  so? 


Nancy  said,  “I  think  I saw  some 
carbon  this  morning.  I was  helping 
my  mother  get  breakfast,  and  I forgot 
about  the  toast  in  the  oven.  When  I 
looked  at  it,  the  toast  was  black.  So  I 
think  that  was  carbon.” 

Two  colorless  gases  and  a black 
solid  can  make  white,  sweet  sugar. 
This  happens  when  a chemical  change 
takes  place.  A chemical  change  makes 
an  entirely  different  material.  The 
new  material  has  characteristics  that 
are  different  from  the  characteristics 
of  the  elements  that  joined  to  make  it. 

Water  is  made  of  two  elements — 
hydrogen  and  oxygen.  These  ele- 
ments are  colorless  gases.  When  hy- 
drogen and  oxygen  are  joined  togeth- 
er in  just  the  right  way,  they  form  the 
liquid  water.  The  characteristics  of 
water,  which  is  a liquid,  are  different 
from  the  characteristics  of  hydrogen 
and  oxygen,  which  are  gases. 

Scientists  have  found  only  98  ele- 


ments. But  these  elements  can  be 
joined  together,  or  combined , to  make 
many  different  kinds  of  materials. 
No  element  will  combine  with  all  the 
other  elements,  but  most  of  the  ele- 
ments will  combine  with  several  other 
elements  to  make  compounds.  Some 
compounds  are  made  of  only  two  ele- 
ments. Others  are  made  of  several 
elements. 

Whenever  compounds  are  made, 
the  elements  do  not  just  mix  with 
each  other.  They  combine  with  each 
other  to  make  the  compound.  Take 
some  powdered  sulphur  and  some 
powdered  iron.  Shake  the  two  ele- 
ments together  in  a test  tube.  You 
are  not  making  a compound.  You  are 
making  a mixture.  Pour  the  mixture 
out  on  a table  and  hold  a magnet  in 
the  mixture.  The  fine  pieces  of  iron 
stick  to  the  magnet.  The  sulphur  is 
left.  Why  does  this  show  you  that 
you  did  not  make  a compound? 
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What  has  happened  to  the  iron  and  sulphur  now?  How  do  you  know? 


Put  the  mixture  back  in  the  test 
tube  and  pour  water  into  the  test  tube. 
Still  you  have  not  made  a compound. 
The  sulphur  rises  to  the  top  of  the 
water,  and  the  iron  sinks  to  the  bot- 
tom. The  two  elements  have  not  been 
combined  with  each  other.  They  have 
only  been  mixed  with  each  other. 

LfePus^s^lf^we^anrm^ke-these^tWt) 
eJements-eembine?  Put  exactly  twice 
as  much  sulphur  as  iron  into  a test 
tube  and  stir  them  together.  Hold 
the  test  tube  over  a flame  and  heat 
the  two  elements  until  they  are  very 
hot  and  seem  to  be  combined.  Cool 
the  material  and  remove  it  from  the 
test  tube.  You  may  have  to  break 
the  test  tube  to  get  the  material  out. 
Wrap  a cloth  around  the  test  tube 
first  so  that  you  will  not  get  cut. 

Test  the  material  with  the  magnet. 
Does  the  magnet  still  pick  up  the  iron? 
Put  the  material  in  water.  Does  it 
sink?  The  iron  and  sulphur  have 


combined  to  form  a compound  that  is 
different  from  either  iron  or  sulphur. 
So  the  magnet  can  no  longer  attract 
the  material.  This  material  is  no 
longer  just  iron  and  sulphur.  It  is  a 
compound  called  iron  sulphide. 

Now  let  us  learn  about  some  other 
compounds.  The  element  iron  is  a 
hard,  silver-gray  metal.  When  it 
rusts,  it  combines  with  some  oxygen 
from  the  air  and  changes  to  a soft, 
crumbly,  brown  material.  When 
someone  asks  you  what  iron  rust  is, 
you  can  tell  him  that  it  is  a compound 
made  of  iron  and  oxygen.  Bring  a 
piece  of  rusty  iron  to  school  and  look 
at  it.  Notice  how  soft  the  rusted 
part  is.  - — 

Did  you  ever  see  copper  that  had 
been  outdoors  for  a long  time?  It  had 
probably  turned  to  a dull,  greenish 
color.  If  you  scraped  the  dull  ma- 
terial off  with  a knife,  you  found  the 
shiny  copper  underneath.  The  outer 
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The  picture  on  the  left  shows  how  a piece  of  sodium  sends  up  a flame  when  it  is  dropped 
into  water.  In  the  center,  you  can  see  how  the  greenish  gas,  chlorine,  takes  the  color 
out  of  a red  piece  of  paper.  But  when  these  two  elements  combine  to  make  a compound, 
you  can  have  salt  coming  out  of  a shaker. 


covering  was  a material  made  of 
copper,  carbon,  and  oxygen.  These 
three  elements  combined  to  make  a 
material  that  was  not  like  copper, 
carbon,  or  oxygen.  It  was  a com- 
pound of  copper,  carbon,  and  oxygen 
called  copper  carbonate. 

Every  day  you  use  a compound 
that  is  made  of  two  very  dangerous 
elements!  This  compound  is  white. 
You  probably  use  it  on  an  egg  at 
breakfast.  Your  mother  uses  it  in 
cooking  almost  everything.  It  is  salt! 
Salt  is  made  of  two  elements.  One  of 
these  elements  is  a bright,  soft,  silvery 
metal  called  sodium.  If  you  put  a 
piece  of  it  on  your  tongue,  it  would 
burn  your  tongue  badly.  The  other 
element  is  a greenish  gas  called 
chlorine  that  has  a very  bad  odor. 
It  is  poisonous! 

But  when  these  two  elements  are 
combined  by  a chemical  change,  an 
entirely  different  material  is  made. 
This  new  material  is  not  poisonous, 


it  will  not  burn  your  tongue,  it  does 
not  have  a bad  odor,  and  you  need 
it  in  your  body.  The  chemical  change 
makes  a compound  that  is  very  dif- 
ferent from  the  two  elements  that 
are  in  it.  Scientists  call  it  sodium 
chloride,  but  we  call  it  salt. 

If  your  house  is  painted  white,  it 
may  be  covered  with  a compound 
made  of  the  two  elements  zinc  and 
oxygen.  When  iron  and  oxygen  com- 
bine, they  make  the  brown  material 
that  we  call  iron  rust.  But  when  zinc 
and  oxygen  combine,  they  make  a 
compound  that  is  a white  solid  called 
zinc  oxide.  It  is  ground  into  a fine 
powder  and  mixed  with  oil  to  make 
one  kind  of  white  paint.  It  is  also 
used  to  make  a kind  of  salve. 

Did  you  ever  hear  of  a kind  of  paint 
called  red  lead?  Perhaps  you  have 
seen  men  painting  iron  bridges  or 
other  iron  with  this  bright  red  paint. 
It  is  made  of  a compound  of  lead  and 
oxygen. 
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Everything  in  the  world  is  made 
of  elements  and  compounds.  So,  of 
course,  your  body  is  made  of  elements 
and  compounds.  Scientists  have  fig- 
ured out  that  there  is  enough  iron 
in  a person’s  body  to  make  a good- 
sized  nail.  There  is  enough  phosphor- 
us in  your  bones  and  teeth  to  make 
a match.  Of  course,  you  know  that 
the  iron  in  your  body  is  not  solid  iron 
like  a nail,  and  you  know  that  the 
phosphorus  will  not  blaze  up  like 


a match.  The  phosphorus  and  iron 
are  in  compounds  in  your  body. 

Your  bones  and  teeth  have  in  them 
another  element  called  calcium.  Milk 
is  good  food  for  making  bones  and 
teeth  because  it  has  much  calcium 
in  it.  Calcium  combines  with  phos- 
phorus and  oxygen  to  make  a com- 
pound called  calcium  phosphate. 
Your  body  is  made  up  of  many  other 
elements  and  compounds.  You  will 
learn  more  about  them  later. 


1.  Which  is  the  best  statement?  A compound  is  made  of  (a)  one  ele- 

ment, (b)  two  elements , (c)  three  elements,  (d)  more  than 
one  element. 

2.  How  are  compounds  different  from  elements? 

3.  Many  chemical  changes  are  mentioned  in  these  pages.  Make  a 

list  of  the  ones  you  know  about.  After  you  have  made  your  list, 
complete  this  sentence:  “1  know  that  these  are  chemical 
changes  because  . ” 

4.  Explain  the  difference  between  mixing  two  materials  together  and 

combining  two  materials.  How  could  you  do  an  experiment 
to  show  what  this  difference  is? 

5.  Do  you  think  that  a chemical  change  takes  place  in  milk  when  it 

sours?  How  could  you  use  litmus  paper  to  show  that  your 
answer  is  correct? 


A SH/MY  METAL  A YELLOW  SOL/D 


WATER 

L/QU/D 


SILVER  SULPHIDE 

BLACK  CO AT/ KG 
OK  THE  SPOOK 
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In  the  picture  on  the  left,  sand  and  the  other  materials  for  making  glass  are  being 
weighed.  In  the  other  picture,  the. mixture  that  will  be  changed  into  glass  is  being  put 
into  the  oven  to  be  melted. 


How  do  we  use  chemical  changes? 


You  have  learned  that  chemical 
changes  are  happening  all  around 
you  and  that  they  are  very  important. 
All  over  the  world  today,  scientists 
are  studying  the  things  that  are  in  the 
earth  and  on  the  earth.  They  are  find- 
ing ways  of  putting  elements  together 
to  make  new  compounds  and  of  tak- 
ing compounds  apart  to  make  many 
kinds  of  new  materials.  These  new 
materials  are  different  from  the  ele- 
ments and  compounds  that  were  used 
to  make  them.  The  new  materials 
have  characteristics  that  make  them 
more  useful  to  us. 

Let  us  see  how  chemical  changes 
are  used  to  make  some  of  the  ma- 
terials we  need  for  building  houses. 
The  window  glass  that  is  letting  light 
into  your  schoolroom  was  made  main- 
ly from  sand.  It  is  easy  to  see  that 


sand  must  be  changed  before  it  can  be 
made  into  glass.  You  cannot  see 
through  sand,  but  you  can  see 
through  the  glass.  Scientists  have 
found  out  how  to  make  glass  by  mix- 
ing some  other  materials  with  sand. 
When  this  mixture  is  heated  very  hot, 
it  melts.  Then  chemical  changes  make 
it  into  a new  material  with  new  char- 
acteristics. This  is  glass. 

Streets  and  sidewalks  are  often 
made  of  concrete.  Concrete  is  made 
by  mixing  the  right  amounts  of  water, 
sand,  and  cement  together.  As  the 
mixture  hardens,  chemical  changes 
take  place  that  produce  an  artificial 
stone.  Walls  of  buildings  are  plas- 
tered. Plaster  is  made  from  lime  and 
sand.  When  water  is  added  to  lime, 
it  gets  very  hot.  You  can  see  it  bubble 
as  the  chemical  change  takes  place. 
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Many  of  the  things  you  use  every 
day  have  been  made  by  chemical 
changes.  Paper  is  made  by  a chem- 
ical change.  You  cannot  find  paper 
growing,  and  you  cannot  dig  it  from 
the  ground.  Most  paper  is  made  from 
trees.  The  trees  are  cut,  and  the 
wood  is  ground  up  into  a pulp.  Ma- 
terials are  then  added  to  the  pulp, 
and  a chemical  change  takes  place. 
This  change  makes  the  material  for 
paper.  You  could  never  make  a book 
from  the  wood  as  it  comes  from  the 
tree.  But  after  the  chemical  change 
takes  place,  a new  material  is  made. 
This  new  material  is  paper  for  books, 
newspapers,  magazines,  and  many 
other  things. 

You  have  probably  heard  people 
talk  about  things  made  of  plastics. 
Plastics  are  materials  that  can  be 
formed,  or  molded,  into  different 


shapes  when  they  are  hot.  When 
they  cool,  they  get  hard  and  keep 
these  shapes.  Plastics  are  made  from 
other  materials  by  chemical  changes. 
There  are  too  many  plastics  to  name 
them  all,  but  you  already  know  the 
names  of  some. 

Celluloid  was  one  of  the  first  plasr 
tics.  Ping-pong  balls  are  usually 
made  of  celluloid.  Many  things,  espe- 
cially foods,  that  you  buy  at  the  store 
are  wrapped  in  cellophane.  Perhaps 
you  have  some  dishes  made  of  bake- 
lite  or  a comb  made  of  a clear,  trans- 
parent material  called  lucite.  Foun- 
tain pens  and  combs  are  often  made 
of  lucite  or  some  other  kind  of  plastic. 
Plastics  are  used  for  much  bigger 
things,  too.  They  are  very  strong  and 
do  not  break  easily.  Parts  of  airplanes, 
automobiles,  furniture,  and  even  wa- 
ter pipes  are  made  from  plastics. 


These  pictures  show  you  three  steps  in  making  paper.  In  the  picture  on  the  left,  the  logs 
are  being  sent  to  the  grinders  to  be  ground  into  wood  pulp.  The  center  picture  shows 
what  wood  pulp  looks  like  before  it  is  made  into  paper.  The  last  picture  shows  the  paper. 


The  bristles  of  the  paint  brush  are  made  of  nylon.  Another  kind  of  plastic  was  used 
instead  of  glass  in  this  window , 


Some  plastics  are  drawn  out  in 
threads  and  woven  into  cloth.  Rayon 
and  nylon  are  plastics  of  this  kind.  If 
your  mother  is  wearing  a dress  made 
of  rayon,  she  is  wearing  cloth  that  was 
probably  made  from  wood.  If  she 
has  some  nylon  stockings  or  a nylon 
blouse,  she  is  wearing  cloth  made 
from  coal,  air,  and  water. 

Besides  cloth  for  clothes,  nylon  is 
used  for  many  common  things.  Per- 
haps you  brush  your  teeth  with  a 
toothbrush  that  has  nylon  bristles  on 
it.  When  you  go  fishing  this  sum- 
mer, you  may  use  a nylon  fish  line. 
Nylon  fish  lines  are  so  strong  that  you 
will  not  lose  a big  fish  because  your 
line  breaks. 


Your  mother  uses  chemical  changes 
at  home,  too.  When  she  bakes  a cake, 
she  often  uses  baking  powder  to 
bring  about  a chemical  change  that 
makes  the  cake  light.  If  she  uses  sour 
milk  when  she  bakes  a cake,  she  uses 
another  chemical  change.  She  adds 
baking  soda  to  the  sour  milk,  which 
has  acid  in  it.  When  she  puts  the 
baking  soda  into  the  sour  milk,  a 
chemical  change  takes  place.  A gas 
is  formed  that  makes  the  cake  light. 

Your  mother  then  bakes  the  cake. 
The  heat  expands  the  gas,  and  the 
cake  rises.  If  she  burns  gas,  wood, 
coal,  or  oil  in  the  stove,  she  is  using 
the  chemical  change  of  burning  to  get 
the  heat  that  bakes  the  cake. 


1.  Make  a list  of  building  materials  made  by  chemical  changes. 

2.  Make  a list  of  clothing  materials  made  by  chemical  changes . 
2.  Which  of  these  materials  are  made  from  other  materials? 

Wood  Wool  Aluminum  Copper  Iron  Steel  Glass 
Cotton  Bricks  Plaster  Rubber  Leather  Linen  Gasoline 
4.  How  do  you  know  that  cooking  often  causes  chemical  changes? 
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The  sailors  are  kept  busy  painting  the  funnels  and  other  metal  parts  to  keep  them  from 
rusting. 

How  can  we  prevent  harmful  chemical  changes? 


Perhaps  you  think  that  all  chem- 
ical changes  are  useful  to  us.  But 
if  you  think  carefully,  you  may  find 
that  some  of  them  are  harmful. 

Can  you  think  of  some  chemical 
change  that  you  may  want  to  stop? 
You  probably  will  think  of  rusting. 
Bridges,  automobiles,  skates,  bicycles, 
nails,  and  other  things  made  of  iron 
and  steel  would  soon  be  useless  if 
we  did  not  do  something  to  keep  them 
from  rusting.  Do  you  know  how  to 
keep  them  from  rusting?  If  you  think 
carefully,  you  will  say  that  we  must 
keep  oxygen  away  from  them.  But 
how  can  we  keep  oxygen  away  from 


them?  Just  cover  the  iron  and  steel 
with  something  that  will  keep  away 
the  oxygen  that  is  in  the  air.  Paint 
is  used  to  cover  these  metals. 

Try  this  experiment  and  see  what 
happens.  Put  some  iron  nails  or  some 
pieces  of  steel  wool  in  a dish  and  keep 
them  damp  by  sprinkling  them  with, 
water.  Put  some  other  iron  nails 
or  steel  wool  in  a dry  dish.  Look  at 
them  a few  days  later.  Which  ones 
are  rusty? 

Iron  or  steel  rusts  more  quickly 
when  it  is  damp.  That  is  why  we 
must  be  careful  to  keep  tools  and 
machines  made  of  iron  or  steel  dry. 
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One  way  of  keeping  foods  is  to  dry  them.  In  this  picture,  apricots  are  being  dried  in  the 
sun.  Can  you  think  of  some  other  foods  that  are  preserved  by  drying? 


Perhaps  you  wipe  your  skates  with 
oil  or  grease  to  keep  them  from  rust- 
ing during  damp  weather.  The  oil 
or  grease  keeps  both  air  and  mois- 
ture from  the  skates.  Steel  tools  are 
often  covered  with  oil  or  grease  to 
keep  oxygen  and  moisture  away  from 
the  metal. 

If  you  touch  a tin  can  with  a mag- 
net, you  will  find  that  the  magnet 
attracts  the  can.  Tin,  as  you  know,  is 
not  attracted  by  a magnet.  So  how  do 
you  explain  what  happened?  Tin 
cans  are  not  made  of  tin.  They  are 
made  of  steel.  Steel  rusts  easily,  but 
tin  does  not  rust.  So  the  steel  can  is 
coated  with  a layer  of  tin  to  keep  the 
oxygen  away  from  the  steel. 


Ash  cans  and  garbage  cans  are 
usually  made  of  a material  called 
galvanized  iron.  This  is  steel  covered 
with  a layer  of  zinc.  Zinc  does  not 
rust.  We  can  stop  harmful  chemical 
changes  by  keeping  materials  that 
cause  chemical  changes  away  from 
materials  which  we  do  not  want 
changed.  This  is  what  we  do  when 
we  paint  or  varnish  woods  and  metals 
and  when  we  put  a layer  of  some 
other  metal  over  iron  or  steel. 

Perhaps  you  have  noticed  that 
cans  or  bottles  which  have  a powder 
in  them  are  often  labeled  “Keep  dry.” 
Let  us  see  what  happens  to  some  bak- 
ing powder  when  it  is  not  kept  dry. 
Put  a spoonful  of  baking  powder  into 
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a cup  or  glass.  Now  add  a spoonful 
of  water.  At  once,  something  hap- 
pens. The  mixture  begins  to  fizz. 
Hundreds  of  tiny  bubbles  of  gas  are 
given  off.  A chemical  change  is  tak- 
ing place.  As  long  as  the  powder  was 
dry,  no  chemical  change  took  place. 
As  soon  as  water  was  added,  the 
chemical  change  started.  So  when 
you  see  a bottle  labeled  “Keep  dry,” 
you  know  what  you  should  do  to  keep 
a chemical  change  from  taking  place. 

Another  chemical  change  that  we 
usually  do  not  want  is  the  spoiling  of 
food.  Food  is  spoiled  when  bacteria 
grow  in  it  and  cause  a chemical 
change.  Bacteria  grow  best  where  it 
is  warm.  So  keeping  food  cool  is  one  of 
the  best  ways  to  keep  it  from  spoiling. 

Milk  will  sour  very  quickly  unless 
it  is  kept  in  the  icebox.  But  it  will 
stay  sweet  for  several  days  if  it  is  kept 
cold.  The  decaying  of  meats  and  veg- 
etables is  another  chemical  change 
that  we  do  not  like  to  have  happen. 
So  we  keep  these  foods  in  the  icebox 
to  prevent  them  from  changing. 

Sometimes  we  want  to  keep  food 
fresh  for  a long  time.  We  may  want 
to  ship  it  to  all  parts  of  the  country,  or 
we  may  want  to  keep  it  to  use  later. 


One  way  to  do  this  is  to  freeze  food. 
Freezing  keeps  the  bacteria  from 
growing.  As  long  as  the  food  is  kept 
frozen,  it  will  not  spoil. 

You  remember  that  bacteria  are 
tiny  plants.  Like  all  plants,  they  need 
water  to  grow.  So  keeping  water  from 
them  is  another  way  to  keep  them 
from  growing  in  food.  Many  foods 
are  preserved  by  drying.  Prunes, 
apricots,  and  other  fruits  are  often 
dried.  Can  you  think  of  some  other 
foods  that  are  preserved  this  way? 

Did  you  ever  have  some  of  your 
colored  clothes  fade?  The  colors 
changed  from  bright  to  dull.  If  you 
have  wallpaper  on  the  walls  in  your 
home,  look  behind  some  picture  that 
has  been  hanging  in  the  same  place 
for  a long  time.  Is  the  color  of  the 
paper  behind  the  picture  the  same  as 
the  color  of  the  rest  of  the  paper? 
What  do  you  think  makes  the  wall- 
paper change  color? 

Many  materials  fade  because  they 
are  in  the  light.  Sunlight  makes  chem- 
ical changes  in  the  coloring  material 
that  was  used  to  color  the  cloth  or 
the  paper.  Many  medicines  are  put 
in  dark  bottles  to  keep  out  the  light 
that  may  cause  chemical  changes. 


1 . How  can  you  prevent  chemical  changes  that  take  place  because  of 

the  oxygen  in  the  air? 

2.  What  are  two  ways  of  preventing  chemical  changes  in  food? 

3.  Name  two  chemical  changes  that  are  harmful . Explain  why  you 

think  they  are  harmful. 
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QUESTIONS  TO  ANSWER 


1.  Name  two  things  in  your  school- 
room that  have  been  made  by  a chem- 
ical change.  Name  one  thing  that  your 
mother  uses  which  is  made  by  a chem- 
ical change. 

2.  Why  are  chemical  changes  im- 
portant to  us? 

3.  The  picture  on  the  left  on  this 
page  shows  the  bubbles  of  gas  in  a 
cake  that  is  baking.  What  two  kinds 
of  changes  in  materials  do  we  use  when 
we  bake  a cake?  Explain  your  answer. 

4.  Long  ago,  people  did  not  know 
about  elements  and  compounds.  Could 
they  explain  rusting,  decaying,  and  the 
souring  of  milk? 

5.  Suppose  you  heated  a material  in 
a test  tube  and  could  not  see  any 
change  in  it.  Would  you  then  be  sure 
that  the  material  was  an  element? 


6.  Do  you  think  that  there  are  more 
compounds  in  the  world  than  ele- 
ments? Explain  your  answer. 

7.  When  colored  cloth  is  washed,  it 
sometimes  loses  its  color.  What  do  you 
suppose  has  happened? 

8.  Tell  something  you  have  done  to 
prevent  a chemical  change. 

9.  The  picture  on  the  right  on  this 
page  shows  some  cattle  that  are  feed- 
ing. Later,  they  will  be  used  for  meat. 
Explain  how  chemical  changes  help  us 
get  our  meat  supply. 

10.  You  can  buy  flour  that  is  all  ready 
to  use  for  making  pancakes.  The  direc- 
tions on  the  package  tell  you  to  keep  it 
dry.  Why  do  you  think  this  is  im- 
portant? 

11.  When  we  put  sugar  into  lemon- 
ade, do  we  make  a chemical  change^ 
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THINGS  TO  DO 


1.  Find  out  more  about  elements. 
Which  ones  are  the  most  common? 

2.  Head  about  some  scientist  who 
discovered  one  of  the  elements  and 
make  a report  to  your  class. 

3.  Go  to  a store.  Make  a list  of  the 
things  you  find  that  have  been  made 
from  other  materials. 

4.  Find  out  what  these  materials  are 
made  from — gasoline,  artificial  rubber, 
perfumes,  paint,  kerosene,  dyes  for 
coloring. 

5.  Make  a list  of  rules  for  safety  in 
doing  experiments.  Put  the  list  on  the 
bulletin  board. 


6.  Find  out  what  elements  and  com- 
pounds are  found  in  the  air. 

7.  Put  sugar  and  salt  together.  Do 
they  make  a compound?  Or  are  they 
just  mixed  together?  How  do  you 
know? 

8.  Is  black  soil  a mixture  of  ma- 
terials or  just  one  compound?  To  an- 
swer this  question,  put  about  three 
inches  of  black  soil  in  a tall  glass.  Fill 
the  glass  with  water.  Then  cover  the 
top  and  shake  the  glass  until  the  soil 
and  water  are  well  mixed.  Allow  it  to 
stand  for  several  hours.  What  do  you 
see  in  the  glass? 
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* In  Unit  Six  Ton  Will  Learn  * 

* What  we  need  to  make  a fire  * What  fires  need  to  keep  them  burning  * 
* What  happens  when  things  burn  * How  we  can  conserve  our  fuels  * 

* What  we  can  do  to  Prevent  fires  * How  we  can  put  out  fires  * 


§1  Mg 


How  Do  We  Control  Fire? 


One  spring  day,  the  Bates  family 
was  having  a picnic  in  the  woods. 
Betty  helped  her  mother  spread  a big 
cloth  on  the  grass  near  a little  stream. 
Then  they  set  the  food  from  their 
picnic  basket  on  the  cloth. 

“When  do  we  eat?”  asked  Bill.  “I’m 
hungry.” 

“So  am  I,”  said  his  father,  “but 
those  ‘hot  dogs’  we  brought  won’t 
taste  good  if  they’re  cold.  We’ll  have 
to  cook  them  first.  You  can  help  me 
make  a fire.” 

Bill  thought  it  would  be  fun  to  cook 
outdoors.  He  ran  off  to  get  some  twigs 
and  branches.  Soon  he  came  back 
with  his  arms  full.  His  father  was 
getting  a place  ready  for  the  fire.  Bill 
and  Betty  watched  him  work. 

“When  we  make  a fire  in  the 
woods,”  he  explained,  “we  must  be 
sure  that  it  will  not  spread.  So  first 
we  find  a spot  away  from  bushes  and 
trees,  and  we  clear  away  the  dead 
leaves  and  dry  grass.  Then  we  can 
start  building  the  fire.” 


On  the  bare  ground,  Mr.  Bates 
made  a pile  of  little  twigs.  Then  he 
put  some  bigger  twigs  and  branches 
on  top.  The  pile  of  twigs  and  branches 
looked  somewhat  like  an  Indian  wig- 
wam. “We  put  the  little  twigs  on  the 
bottom,  because  they  catch  fire  more 
easily  than  the  big  ones  do,”  he  went 
on.  “And  we  pile  them  up  like  this 
so  that  the  air  can  get  in  and  around 
them. 

“Now  we’re  ready  to  start  the  fire. 
The  wind  is  coming  from  the  east.  So 
we  will  light  the  fire  on  that  side.  We 
always  light  a fire  on  the  side  toward 
the  wind.  Then  the  wind  blows  the 
flames  up  through  the  pile  of  twigs 
and  branches.” 

He  struck  a match  and  lit  the  bot- 
tom twigs.  When  a good  fire  was 
burning,  the  Bates  family  cooked 
their  “hot  dogs”  and  then  sat  down 
to  eat.  They  watched  the  fire  burn 
down  to  a heap  of  ashes.  After  the 
meal,  it  was  soon  time  for  them  to 
start  home. 
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Mr.  Bates’  furnace  looked  very  much 
like  this.  The  firebox  is  the  place  where 
the  fuel  is  burning. 


“Before  we  leave,”  said  Mr.  Bates, 
“we  must  be  sure  the  fire  is  out.  Betty 
can  help  me  cover  the  hot  ashes  with 
sand  and  dirt.  Bill,  you  get  a pail  of 
water  from  the  stream.  We’ll  pour 
it  over  the  ashes,  too.  Then  we’ll 
know  they  can’t  blaze  up  again  and 
set  the  woods  on  fire.” 

By  the  time  the  family  got  home, 
it  was  much  colder  outdoors.  “I 
shouldn’t  have  let  the  fire  in  the  fur- 
nace  go  out,”  said  Mr.  Bates.  “Now 
I’ll  have  to  make  another  fire.  This 
must  be  my  day  for  making  fires.” 
Betty  and  Bill  watched  their  father 
start  the  fire  in  the  furnace.  He  opened 
the  top  door  and  looked  in.  “ I’ll  have 


to  get  some  of  these  ashes  out  first,” 
he  said.  He  moved  a handle  back  and 
forth,  and  the  ashes  fell  into  the  space 
below.  When  the  children  looked  into 
the  furnace,  they  could  see  some  iron 
bars  moving. 

“That  is  the  grate,”  their  father 
said.  “As  I move  this  handle,  the  bars 
move  from  side  to  side.  Then  the 
ashes  can  fall  through  the  grate  into 
the  ash  pit  below.  Do  you  see  the 
holes  in  the  grate?  They  let  air  come 
up  from  below.” 

Now  Mr.  Bates  put  some  paper, 
some  small  pieces  of  wood,  and  a few 
larger  pieces  of  wood  on  the  grate 
bars.  He  also  put  a little  coal  on  top. 
“I  don’t  build  a wigwam  of  sticks  as 
I did  in  the  woods,”  he  said,  “but 
I do  lay  the  wood  so  that  the  air  can 
get  in  and  around  it.  Now  let’s  look  at 
the  draft  and  the  damper.  I open  this 
draft  under  the  grate  to  let  air  in. 
Then  I turn  this  damper  in  the  pipe  to 
let  out  smoke  and  gases  from  the 
fire.” 

He  lit  the  paper.  The  small  pieces 
of  wood  and  then  the  larger  pieces 
began  to  burn.  At  last,  the  coal  caught 
fire.  “Coal  won’t  burn  until  it  is  very 
hot,”  he  explained.  “When  the  coal 
is  burning  well,  I can  put  in  some 
more.  Then  I can  close  the  draft  and 
the  damper  a little.  If  I leave  them 
wide  open,  the  coal  will  burn  up  too 
fast.  And  most  of  the  heat  will  go  up 
the  chimney.  That  would  waste  a 
great  deal  of  coal.” 
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What  do  we  need  to  make  a fire? 


You  have  read  about  making  a 
fire  in  the  woods  and  about  mak- 
ing a fire  in  a furnace.  Let  us  stop  and 
think  over  what  we  must  do  to  make 
a fire  in  either  place.  What  do  we 
need  to  start  a fire? 

Of  course,  to  make  a fire,  we  must 
first  have  something  that  will  burn. 
Some  materials  will  burn,  but  others 
will  not.  You  know  that  paper,  cloth, 
wood,  and  coal  will  burn.  So  will  oil 
and  gas.  But  water,  sand,  iron,  glass, 
stone,  and  brick  will  not  burn.  We 
cannot  use  them  to  make  a fire. 
Materials  that  will  burn  are  called 
combustible  materials.  So  you  see 
that  the  first  thing  we  need  for  a fire 
is  a combustible  material. 

Not  every  material  that  will  burn 
catches  fire  easily.  You  cannot  light 
a piece  of  coal  with  a match.  To  start 
a fire,  we  need  a material  that  will 
catch  fire  easily.  Paper,  cloth,  dry 
twigs,  leaves  or  grass,  wood  shavings, 
and  little  sticks  of  wood  are  all  ma- 
terials that  catch  fire  easily.  We  can 
use  them  to  start  a fire. 

Materials  that  catch  fire  easily  are 
those  that  need  only  a little  heat  to 
make  them  burst  into  flame.  Every 
combustible  material  must  be  heated 
to  a certain  temperature  before  it 
will  catch  fire.  Scientists  call  this 
the  kindling  temperature.  If  a ma- 
terial catches  fire  easily,  we  say  that 
it  has  a low  kindling  temperature.  A 


great  deal  of  heat  is  needed  to  make 
coal  catch  fire.  So  coal  has  a high 
kindling  temperature. 

A burning  match  will  light  some 
paper  or  wood  shavings.  It  gives 
enough  heat  to  make  them  catch  fire, 
because  they  have  a low  kindling  tem- 
perature. Burning  paper  or  shavings 
will  make  some  sticks  of  wood  hot 
enough  to  burst  into  flames.  Then  the 
heat  from  the  blazing  sticks  will  make 
a piece  of  coal  catch  fire. 

When  we  make  a fire,  we  put  the 
materials  that  catch  fire  easily  on  the 
bottom.  Above  them,  we  put  the  ma- 
terials that  need  a little  more  heat  to 
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start  them  burning,  and  so  on.  When 
we  light  the  materials  on  the  bottom, 
they  burst  into  flames.  The  heat  from 
them  passes  up  through  the  other  ma- 
terials and  makes  them  hot  enough 
to  burn.  Then  they  burst  into  flames. 

So  far,  we  have  seen  that  there  are 
two  things  we  need  to  make  a fire. 
First,  we  need  to  have  a combustible 
material.  Second,  we  need  to  have 
this  material  heated  to  its  kindling 
temperature.  There  is  still  another 
thing  that  we  need  for  making  a fire. 
If  you  will  think  a minute,  you  will 
see  what  else  is  needed. 

You  remember  that  Mr.  Bates  piled 
the  twigs  for  his  fire  in  the  shape  of  a 
wigwam  so  that  air  could  get  to  them. 
When  he  was  building  the  fire  in 
the  furnace,  he  opened  the  draft  and 


shook  the  grate  to  let  the  ashes  out. 
The  air  could  then  get  into  the  fire- 
box. To  start  a fire,  there  must  be  air 
near  the  combustible  materials. 

Now  you  know  what  we  need 
to  make  a fire.  So  you  can  understand 
why  we  light  fires  the  way  we  do. 
People  had  no  matches  until  about 
100  years  ago.  Indians  started  fires 
by  whirling  a hard,  pointed  stick 
against  a soft  piece  of  wood.  As  the 
stick  rubbed  on  the  wood,  the  friction 
produced  heat.  Materials  with  a very 
low  kindling  temperature,  such  as 
dry  wood,  leaves,  or  moss,  were  put 
around  the  rubbing  surfaces.  When 
they  became  hot  enough,  they  burst 
into  flames.  You  may  think  it  would 
take  a long  time  to  start  a fire  in  this 
way,  but  it  has  been  done  in  about 
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six  seconds!  The  boy  in  the  picture 
is  making  a fire  in  this  way. 

Another  way  of  starting  a fire  by 
friction  was  used  a long  time  ago.  A 
piece  of  flint  and  a piece  of  steel  were 
struck  together  to  make  sparks.  The 
sparks  fell  on  bits  of  dry,  decayed 
wood  or  scorched  linen,  called  tinder. 
Tinder  catches  fire  easily.  Even  today 
we  use  friction  to  start  fires.  In  fric- 
tion gas  lighters  and  cigar  lighters,  a 
steel  wheel  turns  against  a piece  of 
flint  to  make  sparks.  The  sparks  fall 
on  a wick  soaked  in  a liquid  that 
catches  fire  easily. 

Matches  that  would  light  when 
their  tips  were  rubbed  on  something 


were  invented  only  about  100  years 
ago.  The  tips  are  made  of  materials 
that  can  be  set  on  fire  easily.  Rubbing 
them  on  a rough  surface  makes  the 
tips  hot  enough  to  burst  into  flames. 
Matches  have  been  greatly  improved 
since  they  were  first  invented.  Safety 
matches  will  not  light  when  they  are 
rubbed  on  just  any  rough  surface. 
They  must  be  struck  on  a specially 
prepared  surface.  They  are  less  likely 
to  be  lit  by  accident.  Some  matches 
are  made  so  that  the  tips  will  not  fly 
off  when  they  are  struck,  and  the 
matchsticks  will  not  glow  after  the 
flame  is  out.  Matches  help  us,  but 
they  must  be  used  very  carefully. 


Safety  rules  for  using  matches 

1.  Never  leave  matches  where  rats  or  mice  can  get  at  them.  Rats  or 

mice  have  started  fires  by  chewing  on  matches. 

2.  Never  carry  loose  matches  in  your  pocket.  If  the  matches  are  in  a 

cardboard  folder,  keep  the  folder  closed. 

3.  Before  lighting  a match  from  a folder,  close  the  folder.  Sparks  from 

the  match  may  set  the  other  matches  on  fire. 

4.  Be  sure  that  the  match  is  completely  burned  out  and  is  cold  before 

you  throw  it  away. 


1.  What  is  a combustible  material?  Name  some  materials  that  are 

combustible. 

2.  Why  do  we  use  matches  to  light  a fire? 

3.  What  does  kindling  temperature  mean? 

4.  Which  of  these  materials  have  a low  kindling  temperature? 

Paper  Gasoline  Hard  coal  Leaves  Large  stick  of  wood 
Wood  shavings  Cloth 

5.  What  are  the  different  ways  that  have  been  used  to  start  fires? 

Which  way  is  easiest? 
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What  do  fires  need  to  keep  them  burning? 


To  answer  this  question,  let  us  first 
do  an  experiment.  Get  three  small 
candles,  each  about  two  inches  high. 
Set  them  on  a piece  of  glass  and  light 
them.  Put  a lamp  chimney  over  them 
and  cover  the  top  of  the  chimney  with 
another  piece  of  glass.  What  happens? 
Do  you  think  the  candles  will  burn  if 
you  leave  the  top  of  the  chimney 
open?  Light  the  candles  again  and  set 
the  chimney  over  them  without  the 
glass.  What  happens  this  time? 

Now  put  a few  short  pencils  or 
other  sticks  around  the  candles.  Light 
the  candles  again  and  set  the  chimney 
on  the  pencils.  As  you  can  see,  the 
candles  keep  on  burning.  Light  a 
splinter  of  wood  or  a small  roll  of  pa- 
per. Let  it  burn  for  a moment  and 
then  blow  out  the  flame.  Hold  the 
smoking  splinter  at  the  bottom  of  the 


chimney.  Where  does  the  smoke  go? 
Now  let  us  see  what  the  experiment 
showed. 

The  candles  kept  on  burning  only 
when  air  could  get  in  at  the  bottom 
of  the  chimney  and  out  at  the  top. 
This  means  that  a current  of  fresh  air 
must  be  kept  moving  past  the  flames. 

You  know  how  this  current  of  air 
is  made.  The  burning  candles  heat 
the  air  in  the  chimney.  When  air  is 
heated,  it  expands  and  gets  lighter. 
The  air  outside  the  chimney  is  colder 
than  the  air  inside.  This  colder  air  is 
heavier  than  the  hotter  air  inside. 
Gravity  pulls  down  on  the  colder  air 
with  more  force.  This  heavier,  colder 
air  goes  under  the  chimney  and 
pushes  the  lighter,  hotter  air  up.  The 
same  thing  happens  with  a fire  out- 
doors or  in  a furnace  or  stove. 
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Look  at  the  pictures  on  this  page. 
The  picture  on  the  left  shows  how 
fresh  air  gets  into  a kerosene  lamp. 
The  air  gets  to  the  flame  through  the 
holes  below  the  chimney. 

The  other  picture  shows  how  a 
burner  in  a gas  stove  is  supplied  with 
gas  and  air.  Gas  comes  into  the  burner 
through  the  pipe  along  the  front  of 
the  stove.  Air  enters  through  the  air 
holes  and  mixes  with  the  gas.  So 
when  the  gas  is  lighted,  it  has  oxygen 


to  keep  it  burning.  Now  let  us  see 
what  we  need  to  start  a fire  and  keep 
it  going. 

1.  We  need  a combustible  material. 

2.  We  need  to  heat  the  combus- 
tible material  to  its  kindling  temper- 
ature. 

3.  We  need  a material  with  a low 
kindling  temperature  to  start  a fire 
easily. 

4.  We  need  to  arrange  the  fire  so 
that  it  can  get  a current  of  fresh  air. 


1.  What  things  are  needed  to  make  a fire? 

2.  Tell  how  you  would  arrange  materials  to  make  a fire.  Give  reasons 

for  what  you  would  do. 

3.  Why  must  ashes  he  taken  out  of  a furnace  or  stove? 

4.  Does  a fire  help  keep  itself  burning?  Explain  your  answer. 

5.  A pile  of  wood  shavings  burns  more  easily  than  a pile  of  sawdust. 

Explain  why  this  is  true. 

6.  Why  is  it  hard  to  burn  a thick  magazine?  What  is  the  best  way 

to  do  this? 
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What  happens  when  things  burn? 


Without  fire,  our  lives  would  be 
very  different  and  much  less 
comfortable.  We  use  fire  to  keep  our 
homes  and  other  buildings  warm,  to 
cook  our  food,  and  to  supply  hot 
water  for  washing.  Fire  changes 
water  to  steam  that  can  make  our 
machines  move.  And  it  burns  gasoline 
in  a gasoline  engine  or  oil  in  a Diesel 
engine.  Fire  helps  use  the  energy 
stored  in  materials  to  do  our  work,  to 
keep  us  warm,  and  even  to  give  us 
light. 

As  you  know,  any  material  that  we 
burn  to  get  heat  or  light  is  called  a 
fuel.  We  have  solid  fuels,  such  as 
wood,  coal,  and  coke.  Coke  is  made 
by  heating  coal.  We  have  liquid  fuels, 
such  as  oil,  gasoline,  kerosene,  and 
alcohol.  And  there  are  several  kinds 
of  gas  fuels.  Your  home  is  heated  with 
wood,  coal,  coke,  oil,  or  gas.  In  the 
kitchen,  your  mother  probably  uses 
gas,  kerosene,  gasoline,  coal,  or  wood 
to  cook  your  meals.  If  you  live  in  the 
country,  you  may  use  kerosene  lamps 
or  gasoline  lamps  to  give  you  light. 
In  some  ways,  all  fuels  burn  alike.  So 
let  us  find  out  what  happens  when 
any  kind  of  fuel  burns. 

When  anything  burns,  it  gives  off 
something  you  can  feel.  If  you  have 
ever  put  your  hand  near  a fire,  you 
know  what  it  is.  It  is  heat.  Every  fire 
gives  off  heat.  No  matter  what  kind 
of  fuel  is  used,  it  gives  off  heat  when 


it  burns.  And  it  usually  gives  off 
something  you  can  see,  too.  A flame 
gives  off  light.  Wood,  coal,  oil,  gas, 
kerosene,  and  gasoline  all  burn  with 
a flame.  But  the  color  of  the  flame  is 
not  the  same  for  every  fuel.  Coke 
does  not  burn  with  a flame  like  most 
fuels,  but  it  does  glow  and  give  off 
light. 

You  must  have  noticed  something 
else  when  a thing  burns.  It  gets 
smaller  and  smaller.  Liquid  fuels, 
such  as  oil,  kerosene,  or  gasoline,  and 
gas  fuels  disappear  completely  when 
they  burn.  Solid  fuels,  such  as  wood 
and  coal,  always  contain  some  mate- 
rials that  will  not  burn.  These  ma- 
terials are  left  as  ashes. 

Sometimes,  but  not  always,  smoke 
is  given  off  when  a thing  burns.  This 
happens  when  there  is  not  enough 
fresh  air.  Unless  a fuel  gets  plenty  of 
air,  it  cannot  burn  freely.  Smoke 
shows  that  part  of  the  fuel  is  not  being 
completely  burned.  For  smoke  is 
mostly  tiny  bits  of  fuel  that  are  car- 
ried up  by  currents  of  air  from  the 
fire. 

Besides  the  things  you  can  feel  and 
see,  other  things  are  happening  when 
a fuel  burns.  Scientists  know  what 
these  things  are,  and  they  can  explain 
them.  You  already  know  that  a chem- 
ical change  takes  place  when  any  ma- 
terial burns.  After  a piece  of  hard, 
black  coal  burns,  only  a few  gray 


156  unit  six 


ashes  are  left.  You  can  easily  see 
that  a chemical  change  has  taken 
place,  because  ashes  are  very  different 
from  coal. 

The  experiment  showed  that  a cur- 
rent of  fresh  air  is  needed  to  keep  a 
material  burning.  As  you  probably 
know,  air  is  not  just  one  gas.  It  is  a 
mixture  of  gases.  About  four  fifths  of 
the  air  is  nitrogen,  and  one  fifth  is 
oxygen.  It  also  contains  carbon  diox- 
ide, water  vapor,  and  a very  small 
amount  of  a few  other  gases. 

Perhaps  you  have  wondered  if  all 
the  parts  of  the  air  are  used  in  burn- 
ing or  just  one  part  of  it.  Does  a burn- 
ing material  need  nitrogen  to  keep  it 
burning?  Or  does  it  need  oxygen  or 
some  other  gas  in  the  air? 

One  way  to  find  out  is  to  take  the 
oxygen  out  of  some  air  and  then  see 


if  materials  will  burn  in  the  air  after 
the  oxygen  has  been  taken  out.  There 
are  several  different  ways  of  doing 
this.  One  of  the  easiest  ways  of  taking 
oxygen  out  of  the  air  is  to  let  iron  rust 
in  the  air.  You  remember  that  when 
iron  rusts,  it  changes  to  a soft, 
crumbly  material  because  it  combines 
with  oxygen.  A chemical  change 
takes  place.  From  the  iron  and  the 
oxygen,  a new  material  is  made. 

Fill  a test  tube  or  a small  bottle 
with  water  and  then  pour  the  water 
out.  The  inside  of  the  test  tube  will 
stay  wet  with  water  that  sticks  to 
it.  Now  put  some  iron  filings  into 
the  test  tube  and  shake  it.  The  filings 
will  stick  to  the  wet  sides  of  the  tube. 
Set  the  test  tube  with  its  mouth  down 
in  a pan  of  water  and  leave  it  there 
for  several  days.  Look  at  the  test 
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tube  from  time  to  time  but  do  not 
take  it  out  of  the  water. 

The  dark-gray  filings  change  to  a 
brownish  color  as  they  rust.  This 
shows  you  that  the  iron  has  rusted. 
When  iron  rusts,  it  takes  oxygen  from 
the  air.  If  you  look  carefully,  you  can 
see  that  water  rises  in  the  test  tube 
and  takes  the  place  of  the  oxygen. 
After  a few  days,  all  the  oxygen  in  the 
test  tube  has  combined  with  the  iron 
filings.  You  can  use  the  test  tube  to 
find  out  if  materials  will  burn  in  air 
that  has  no  oxygen  in  it. 

Put  your  thumb  over  the  mouth  of 
the  tube  under  water.  Take  the  tube 
out  and  turn  it  right  side  up.  Keep 
your  thumb  over  the  mouth.  Now 
light  a match.  Then  quickly  take  your 
thumb  off  the  test  tube  and  put  the 


burning  match  down  into  it.  What 
happens?  This  experiment  and  others 
all  show  the  same  thing.  No  material 
will  burn  unless  there  is  oxygen  to 
combine  with  it.  All  materials  com- 
bine with  oxygen  when  they  burn. 

Now  do  an  experiment  to  see  what 
happens  when  a paraffin  candle 
burns.  Paraffin  is  a compound  made 
of  two  elements,  carbon  and  hydro- 
gen. Light  the  wick  of  the  candle. 
After  the  candle  is  burning  well,  blow 
it  out.  Notice  the  white  smoke  that  is 
given  off  for  a short  time  afterward. 
Light  the  candle  again  and  then  blow 
it  out  when  it  is  burning  well.  Hold 
a burning  match  in  the  white  smoke 
about  half  an  inch  above  the  top  of 
the  wick.  What  happens? 

As  the  candle  burns,  the  paraffin 
changes  to  a liquid.  Most  of  this  liq- 
uid gets  hot  enough  to  change  to  a 
gas,  but  some  of  it  does  not.  You  can 
see  this  liquid  running  down  the  sides 
of  the  candle.  After  the  candle  is 
blown  out,  the  white  smoke  contains 
tiny  bits  of  paraffin.  If  you  hold  a 
burning  match  close  to  the  wick,  the 
paraffin  in  the  smoke  will  burn  and 
light  the  candle  again. 

The  gas  contains  the  same  two  ele- 
ments as  paraffin.  They  are  carbon 
and  hydrogen.  You  can  see  that  the 
gas  contains  carbon  if  you  hold  a cold 
plate  in  the  candle  flame.  This  cools 
the  carbon  so  that  it  does  not  burn. 
You  can  see  the  black,  unburned 
carbon  on  the  plate. 
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When  carbon  burns,  it  joins  with 
oxygen  to  form  a compound  called 
carbon  dioxide.  You  have  already 
heard  of  carbon  dioxide.  It  is  a color- 
less gas.  When  you  breathe  out,  it  is 
given  off  from  your  lungs.  You  can 
do  an  experiment  to  find  out  if  carbon 
dioxide  is  formed  when  a candle 
burns. 

You  will  need  some  limewater  for 
the  experiment.  Limewater  is  a clear 
liquid  that  turns  milky  when  carbon 
dioxide  is  put  into  it.  Pour  some  clear 
limewater  into  a glass.  Use  a piece 
of  glass  tubing  or  a soda  straw  to  blow 
air  into  it  for  about  two  minutes. 
Does  the  limewater  turn  milky? 
Then  there  is  carbon  dioxide  in  the 
air  you  breathe  out. 

Now  fasten  a piece  of  wire  around 
the  candle  and  light  it.  Then  lower  it 
into  a glass  jar.  Cover  the  jar  with  a 
flat  piece  of  glass.  When  the  candle 
goes  out,  slide  the  cover  a little  to  one 
side  and  pull  the  candle  out.  Then 
quickly  pour  some  clear  limewater 
into  the  jar.  Cover  the  jar  and  shake 
it.  What  happens  to  the  limewater? 
What  makes  it  do  this? 

Carbon  dioxide  was  formed  in  the 
jar  when  the  candle  burned.  Carbon 
in  the  gas  combined  with  oxygen  in 
the  air.  Of  course,  there  was  a little 
bit  of  carbon  dioxide  in  the  jar  before 
the  candle  burned.  Air  contains  some 
carbon  dioxide.  But  there  was  much 
more  carbon  dioxide  after  the  candle 
burned.  You  can  easily  see  this  for 


yourself.  Pour  some  clear  limewater 
into  another  jar  and  shake  it.  Look 
at  the  limewater  in  this  jar  and  in  the 
other  jar  where  the  candle  burned. 
What  difference  do  you  notice?  Which 
jar  has  more  carbon  dioxide  in  it? 

Now  you  can  do  another  experi- 
ment to  find  out  what  happens  to  the 
hydrogen  when  the  candle  burns. 
Light  the  candle  and  put  the  mouth 
of  a cold  glass  jar  down  over  it.  Be 
sure  that  the  glass  jar  is  thoroughly 
dry.  Hold  it  so  that  the  burning  candle 
can  get  air.  Now  look  at  the  inside  of 
the  jar.  Do  you  see  moisture  sticking 
to  the  sides?  This  moisture  is  water. 
When  hydrogen  combines  with  , oxy- 
gen, water  is  formed.  Water,  as  you 
know,  is  a compound  made  of  hydro- 
gen and  oxygen. 
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From  what  you  have  learned  about 
a burning  candle,  you  can  understand 
why  it  disappears  as  it  burns.  The 
carbon  in  the  paraffin  combines  with 
oxygen  to  form  carbon  dioxide.  As 
you  know,  carbon  dioxide  is  a color- 
less gas.  It  quickly  mixes  with  the 
air.  The  hydrogen  in  the  paraffin 
combines  with  oxygen  to  form  water. 
The  water  is  in  the  form  of  water 
vapor,  which  is  also  colorless.  And  it 
also  mixes  with  the  air.  A burning 


candle  disappears  because  it  joins 
with  oxygen  to  form  colorless  gases. 

Nearly  all  the  fuels  we  use  contain 
hydrogen  and  carbon.  When  these 
fuels  burn,  they  first  change  into  a 
gas  that  contains  carbon  and  hydrogen 
just  as  the  candle  did.  Then  this  gas 
burns  and  forms  carbon  dioxide  and 
water  vapor.  As  these  fuels  burn, 
they  get  smaller  or  disappear  com- 
pletely. The  materials  that  do  not 
combine  with  oxygen  are  left  as  ashes. 


1.  How  can  you  tell  when  a material  is  burning? 

2.  Tell  what  you  did  to  show  that  a material  must  have  oxygen  when 

it  burns. 

3.  How  did  you  tell  that  carbon  changes  to  carbon  dioxide  when  it 

burns? 

4.  How  did  you  tell  that  hydrogen  changes  to  water  vapor  when 

it  burns? 

5.  Why  do  some  fuels  disappear  completely  when  they  burn?  Name 

some  fuels  that  do  this. 

6.  What  are  ashes?  Name  some  fuels  that  leave  ashes  when  they 

burn, 


How  can  we  conserve  our  fuels? 


Did  you  ever  see  black  smoke 
pouring  out  of  a chimney?  The 
smoke  is  mostly  tiny  bits  of  unburned 
carbon.  In  a big  city  where  many 
homes,  factories,  and  railroads  burn 
fuel,  smoke  is  often  a nuisance.  The 
air  is  full  of  smoke.  People  breathe  it 
into  their  lungs,  and  it  is  bad  for  them. 

Tiny  bits  of  carbon  settle  as  greasy, 
black  soot  on  clothing,  furniture, 


buildings,  and  streets.  Then  people 
must  spend  much  time  and  money  to 
get  things  clean  again.  On  a calm  day, 
smoke  sometimes  gathers  in  a thick 
cloud  over  the  city.  It  cuts  off  much 
of  the  sunlight.  Electric  lights  must 
be  turned  on.  That  uses  more  of  our 
fuel,  too. 

But  smoke  is  more  than  a nuisance. 
It  is  a waste  of  valuable  fuel.  We  get 
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no  heat  from  fuel  that  goes  up  in 
smoke.  So  we  have  to  use  more  fuel 
to  get  the  heat  we  need.  Whenever 
you  see  black  smoke  coming  out  of  a 
chimney,  you  can  tell  that  fuel  is  be- 
ing wasted.  Do  you  know  why  fuel 
is  so  valuable  that  we  must  not  waste 
it?  Of  course,  fuel  costs  money.  When 
we  buy  fuel,  we  want  heat  and  not 
smoke.  Yet  there  is  another  important 
reason  why  we  must  save  fuel. 

Our  common  fuels  are  wood,  coal, 
coke,  oil,  gasoline,  kerosene,  and  gas. 
As  you  know,  coke  is  made  by  heating 
coal.  Gasoline  and  kerosene  come 
from  oil.  We  get  gas  from  the  earth 
and  also  from  coal  and  oil.  Every  year 
we  use  more  and  more  fuel.  But  in 
all  the  world  only  one  of  our  common 
fuels  is  now  being  replaced.  That  is 
wood.  The  coal,  oil,  and  gas  we  take 
from  the  earth  were  made  millions  of 
years  ago.  When  they  are  gone,  there 
will  be  no  more. 

Scientists  think  that  our  supply  of 
coal  will  last  at  least  100  years.  Our 
supplies  of  oil  and  gas  may  not  last 
so  long  if  we  keep  on  using  them  up 
as  fast  as  we  do  now.  Just  how  long 
our  supplies  of  coal,  oil,  and  gas  will 
really  last  depends  on  how  carefully 
we  use  them.  If  they  are  wasted,  they 
will  be  gone  much  sooner  than  if  we 
use  them  carefully.  That  is  why  we 
must  conserve  our  fuels. 

One  thing  we  can  do  is  to  keep  fires 
from  smoking.  There  are  only  two 
reasons  why  a fire  smokes.  Either  the 


fuel  does  not  get  enough  oxygen,  or 
some  of  it  is  not  hot  enough  to  catch 
fire.  You  have  probably  seen  smoke 
coming  out  of  the  pipe  behind  an 
automobile.  The  smoke  shows  that 
not  enough  air  has  been  mixed  with 
the  gasoline  or  that  the  mixture  is  not 
hot  enough  to  burn  completely. 

A kerosene  lamp  or  stove  will 
smoke  if  the  wick  is  turned  too 
high.  There  is  not  enough  oxygen 
near  the  wick  to  burn  the  kerosene. 
If  gas  or  oil  burns  with  a smoky,  yel- 
low flame,  not  enough  air  is  being 
mixed  with  the  fuel.  Tiny  bits  of  hot 
carbon  make  the  flame  yellow.  If  coal 
is  burned  in  a furnace  or  stove,  we  can 
open  the  draft  wider  to  get  more  oxy- 
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Lightning  started  this  fire  in  which  thousands  of  gallons  of  valuable  oil  are  being  wasted. 
The  picture  on  the  right  shows  how  one  big  company  is  saving  oil.  The  oil  is  put 
through  cloth  bags  to  remove  the  dirt.  Then  the  oil  can  be  used  again. 


gen  to  the  fire.  Or  we  can  take  some 
ashes  out  of  the  grate  and  the  ash  pit. 
Air  can  then  get  to  the  coal. 

Too  much  coal  should  not  be  put  on 
a fire  at  one  time.  Before  any  fuel  will 
burn,  it  must  be  hot  enough  to  catch 
fire.  You  saw  carbon  collect  on  a cold 
plate  held  in  a candle  flame.  The 
carbon  was  not  hot  enough  to  burn. 
The  same  thing  happens  when  too 
much  coal  is  put  on  a fire.  Some  of  it 
does  not  get  hot  enough  to  catch  fire. 
Then  unburned  carbon  and  gases  go 
up  in  smoke.  This  often  happens  when 
a coal  fire  is  started. 

We  can  conserve  much  coal  if  we 
learn  to  use  it  properly.  To  get  the 


most  heat  and  the  least  smoke  from 
coal,  we  should  put  only  a little  coal 
on  a fire  at  one  time.  We  will  have  to 
put  coal  on  more  often,  but  most  of  it 
will  burn.  Very  little  coal  will  go  up 
the  chimney  as  black  smoke,  as  it  is 
doing  in  the  chimneys  in  the  picture 
on  page  161. 

An  automatic  stoker  is  a machine 
that  makes  it  easy  to  conserve  coal. 
This  machine  supplies  just  the  right 
amount  of  coal  to  a fire  all  the  time. 
A stoker  can  be  connected  to  a furnace 
in  a home.  Or  it  can  be  used  with  a 
boiler  in  a big  building,  a factory,  or 
a locomotive  like  the  one  in  the  pic- 
ture on  page  60. 
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Heat  will  not  easily  go  through  some  kinds  of  materials.  Putting  blocks  of  material 
like  this  inside  the  roof  and  walls  of  a house  is  one  way  to  keep  heat  from  being  wasted. 


Another  thing  we  can  do  to  con- 
serve our  fuels  is  to  save  heat.  Much  of 
the  heat  we  get  from  fuels  is  wasted. 
Heat  goes  out  through  the  roof,  walls, 
and  windows  of  our  buildings.  There 
are  several  ways  to  cut  down  this  loss 
of  heat.  We  can  fill  cracks  so  that  hot 
air  cannot  get  out  and  cold  air  cannot 
get  in.  We  can  put  special  materials 
in  the  walls  and  roof  to  keep  heat  in. 
And  we  can  use  double  glass  in  the 
windows. 

A great  deal  of  heat  is  wasted  in 
cooking.  When  an  oven  door  is 
open,  heat  is  lost.  It  also  goes  out 


through  the  sides  and  top  of  the  oven. 
When  a small  pan  is  set  over  a large 
burner  on  a stove,  heat  is  wasted 
around  the  sides  of  the  pan.  More 
heat  from  the  burners  is  lost  when 
food  is  cooked  in  uncovered  pans.  But 
the  biggest  loss  of  heat  probably  comes 
from  using  a hotter  fire  than  is  really 
needed  to  cook  the  food. 

Scientists  have  made  discoveries 
that  help  us  conserve  our  fuels.  Better 
stoves,  furnaces,  and  boilers  have 
been  invented  to  give  more  heat  and 
use  less  fuel.  Steam  engines,  gasoline 
engines,  and  Diesel  engines  have  been 
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greatly  improved.  They  now  make 
better  use  of  the  energy  stored  in 
the  fuels  that  we  need. 

No  matter  how  carefully  we  use 
our  supplies  of  coal,  oil,  and  gas,  there 
is  still  no  way  to  put  more  of  them 
back  in  the  earth.  So  we  must  find 
other  ways  to  conserve  the  supplies 
we  now  have.  One  way  is  to  use  fuels 
made  from  plants  whenever  we  can. 
Wood  is  a common  fuel  where  it  is 
cheap  and  plentiful.  Gas  and  alcohol 
can  be  made  by  heating  wood.  Alcohol 
can  also  be  made  from  grain.  But 
most  of  these  plant  fuels  cost  more  to 
use  than  coal,  oil,  or  gas  that  we  take 
from  the  earth. 

Still  another  way  to  conserve  fuels 
is  to  make  more  use  of  other  sources 
of  energy.  Moving  water  is  used  to 


turn  machines  that  produce  electric 
current.  In  some  parts  of  our  country 
where  electric  current  is  cheap,  it  is 
already  being  used  to  cook  food  and 
heat  water.  Moving  air  can  also  be 
used  to  produce  electric  current.  But 
unless  the  wind  is  blowing,  no  electric 
current  is  produced. 

For  many  years,  scientists  have 
been  trying  to  find  ways  to  use  the 
huge  amounts  of  heat  we  get  from  the 
sun.  So  far,  they  have  not  found  a 
really  good  way  to  do  this.  A few 
homes  have  been  built  so  that  on  clear 
days  the  sun  helps  heat  them.  Some 
day  scientists  may  learn  how  to  use 
the  energy  stored  in  all  materials. 
Until  they  do  this,  we  must  conserve 
the  supplies  of  coal,  oil,  and  gas  that 
are  now  in  the  earth. 


1.  Why  must  we  conserve  our  supplies  of  coal,  oil,  and  gas? 

2.  Give  as  many  ways  to  conserve  fuel  as  you  can.  Tell  how  each 

way  helps  save  fuel. 

3.  Is  fuel  being  wasted  in  your  community?  How  do  you  know? 

4.  If  cooking  pans  become  very  black  on  the  outside  every  time  they 

are  used  on  a gas  stove,  what  should  be  done?  Why? 


What  can  we  do  to  prevent  fires? 


No  one  knows  when  fire  was  first 
used  or  who  discovered  how  to 
use  it.  We  do  know  that  it  was  one  of 
the  greatest  discoveries  ever  made. 
When  fire  is  under  control,  it  keeps 
us  warm  and  helps  do  our  work.  But 
something  very  different  happens 


when  fire  gets  out  of  control.  Build- 
ings and  forests  are  destroyed.  People 
and  animals  are  burned.  Every  year, 
fires  do  great  damage. 

Almost  all  of  these  fires  are  acci- 
dents. But  accidents  do  not  just  hap- 
pen. They  are  caused  by  people  who 
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This  forest  ranger  cleared  the  grass  away  before  he  built  his  fire.  Now  he  is  putting  the 
fire  out  before  he  leaves.  What  two  things  will  he  do  to  make  sure  that  the  fire  is  out? 


are  careless.  Once  a fire  gets  started, 
it  is  often  hard  to  put  out.  So  the  best 
way  to  keep  fires  from  doing  damage 
is  to  keep  them  from  starting  at  all. 

To  start  burning,  every  fire  must 
have  three  things — a combustible 
material,  enough  heat  to  raise  the  ma- 
terial to  its  kindling  temperature,  and 
a supply  of  oxygen.  If  any  one  of 
these  three  things  is  missing,  a fire 
cannot  start.  To  prevent  fires,  we  can 
use  what  we  know  about  starting  fires. 

In  our  homes  and  other  buildings, 
fireproof  materials  can  be  used  in 
many  places.  The  materials  that  will 
burn  should  not  be  put  near  heat  that 
might  set  them  on  fire.  Liquids  or 
gases  that  catch  fire  very  easily  should 


be  put  into  airtight,  fireproof  con- 
tainers and  kept  away  from  heat. 

We  can  prevent  many  fires  by  be- 
ing careful  with  matches.  People  light 
matches  and  throw  them  away  before 
they  are  out.  If  they  fall  on  something 
that  will  bum,  a bad  fire  may  start. 
Matches  should  always  be  kept  in  a 
safe  place  where  they  cannot  start  a 
fire  by  accident.  They  should  never 
be  left  where  little  children  can  play 
with  them. 

You  already  know  why  we  must  be 
careful  with  fires  outdoors.  An  open 
fire  can  easily  spread  to  other  things 
if  it  is  not  made  properly.  Leaves, 
grass,  and  twigs  should  be  cleared 
away  from  the  ground  where  the  fire 
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Do  you  think  this  a safe  place  to  keep 
old  rags?  Why? 

is  made.  The  fire  must  be  kept  away 
from  trees,  bushes,  or  anything  else 
that  may  spread  it. 

A small  fire  is  safer  than  a big  one. 
If  a fire  is  too  big,  it  makes  a strong 
current  of  air  move  toward  the  flames 
and  then  upward.  This  current  of  air 
may  carry  sparks  and  other  bits  of 
burning  material  to  grass,  trees,  or 
buildings  nearby.  The  same  thing  can 
happen  on  a windy  day  with  even  a 
small  fire. 

Many  parks  have  fireplaces  where 
you  can  cook  your  meals.  It  is  safest 
to  use  one  of  these  fireplaces  if  you 
want  to  cook  outdoors.  But  any  out- 
door fire  should  be  watched  all  the 


time.  Be  sure  to  put  it  out  with  water, 
sand,  or  dirt  before  leaving  it. 

Sometimes  people  start  fires  with 
kerosene  or  gasoline.  This  is  a very 
dangerous  thing  to  do.  Only  a little 
heat  will  set  kerosene  and  gasoline  on 
fire,  because  they  quickly  change 
from  a liquid  to  a gas.  If  much  of  this 
gas  catches  fire  at  one  time,  it  may 
explode.  The  explosion  will  scatter 
burning  materials  from  the  fire.  This 
is  bad  enough  with  an  outdoor  fire, 
but  it  is  far  worse  with  a fire  that  is 
being  made  indoors.  Never  use  kero- 
sene or  gasoline  to  start  a fire. 

Fires  are  sometimes  started  by  oily 
rags  that  have  been  wadded  up  or 
thrown  in  a pile.  What  happens  is 
this.  Oxygen  slowly  combines  with 
the  oil.  A little  heat  is  produced.  The 
rags  get  warm.  Because  the  rags  are 
in  a wad  or  pile,  all  the  heat  cannot 
get  out.  The  rags  get  warmer  and 
warmer.  At  last,  some  of  the  oil 
changes  to  a gas.  The  rags  are  hot 
enough  to  set  the  gas  on  fire.  It  bursts 
into  flames  and  sets  the  rags  on  fire, 
too.  Oily  rags  should  be  spread  out, 
hung  on  a line,  or  kept  in  a covered 
metal  container. 

There  are  many  ways  in  which  fires 
can  start.  Kerosene  or  gasoline  lamps 
fall  on  the  floor  or  set  fire  to  curtains. 
Wooden  boxes  catch  fire  when  hot 
ashes  are  put  in  them.  Electric  wir- 
ing gets  hot  enough  to  start  some- 
thing burning.  Hot  cooking  fats  blaze 
up  on  a stove.  Liquids  used  for  clean- 
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ing,  such  as  naphtha  and  gasoline,  ter  how  the  fire  starts,  the  real  cause 
catch  fire  from  friction.  But  no  mat-  is  usually  this.  Someone  was  careless. 

Safety  rules  for  preventing  fires 

1.  Be  careful  with  matches.  Put  them  out  before  you  throw  them 

away.  Use  safety  matches  if  possible.  Keep  large  kitchen  matches 
in  a covered  metal  box. 

2.  Keep  an  outdoor  fire  from  spreading.  Build  a small  fire.  Make  it 

on  bare  ground  in  a place  where  the  wind  will  not  blow  it 
toward  anything  that  may  catch  fire. 

3.  Before  you  leave  an  outdoor  fire,  put  it  out.  Pour  water  on  it  or 

cover  it  with  sand  or  dirt. 

4.  Never  use  kerosene  or  gasoline  to  help  start  a fire.  Use  paper 

and  small  bits  of  wood. 

5.  Do  not  set  kerosene  lamps  or  gasoline  lamps  where  they  can  fall 

on  the  floor  or  set  fire  to  curtains.  Put  them  near  the  center  of 
a table  and  away  from  windows. 

6.  Do  not  leave  oily  rags  wadded  up  or  thrown  in  a pile.  Spread 

them  out,  hang  them  up  on  a line,  or  keep  them  in  a covered 
metal  container. 

7.  Put  ashes  in  metal  containers  instead  of  wooden  boxes. 

8.  Do  not  use  worn  or  broken  electric  cords. 

9.  Replace  a “blown”  electric  fuse  with  another  of  the  right  size. 

10.  Do  not  play  with  firecrackers  or  any  kind  of  fireworks. 

11.  Be  careful  about  using  flour  and  cornstarch  over  an  open  flame, 

such  as  on  a gas  stove.  They  may  start  a fire  or  explode. 

12.  Be  careful  with  hot  cooking  fats  on  a stove.  They  easily  blaze 

up  and  spread  fire. 

13.  Do  not  use  naphtha  or  gasoline  to  clean  clothes  indoors.  It  is 

dangerous  even  to  use  them  outdoors. 


1.  What  is  the  best  way  to  keep  fires  from  doing  damage? 

2.  Tell  how  you  can  use  what  you  know  about  burning  to  prevent 

fires. 

3.  Give  a reason  for  each  of  the  first  six  safety  rules  for  preventing 

fires. 

4.  What  is  usually  the  cause  of  a harmful  fire?  Explain  your  answer. 

5.  Have  there  been  any  fires  that  caused  much  damage  in  your  com- 

munity? How  did  they  start? 
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How  can  we  put  out  fires? 


What  should  you  do  if  you  see 
a fire  start?  The  first  thing  to 
do  is  tell  a grown-up.  If  you  cannot 
find  one,  report  the  fire  at  once  to  the 
fire  department.  You  should  know 
what  telephone  number  to  call.  Find 
out  if  you  do  not  know.  Even  if  you 
do  not  know  what  number  to  call, 
you  can  ask  the  telephone  operator  to 
report  the  fire.  But  this  usually  takes 
more  time.  And  the  sooner  the  fire 
is  reported,  the  quicker  the  fire  de- 
partment can  get  there  to  put  it  out. 

If  you  live  in  a city,  you  will  prob- 
ably find  a fire-alarm  box  every  few 
blocks.  There  are  different  kinds  of 
fire-alarm  boxes.  One  kind  is  kept 
locked,  and  the  key  is  at  the  nearest 


house  or  store.  In  another  kind,  you 
open  a small  door  on  the  front  of  the 
box,  pull  a lever  down  all  the  way, 
and  then  let  it  go.  Still  another  kind 
has  a glass  door  you  must  break  to 
pull  the  lever.  When  the  lever  is 
pulled,  a signal  sounds  in  the  central 
fire  station.  Then  an  alarm  is  sent  to 
the  fire  station  that  is  nearest  the  fire- 
alarm  box. 

Always  stay  near  the  box  until  the 
fire  engine  arrives,  so  that  you  can 
tell  the  firemen  exactly  where  the  fire 
is.  If  you  ever  have  to  report  a fire, 
you  will  be  in  a hurry.  So  be  sure  to 
find  out  ahead  of  time  how  to  work 
the  fire-alarm  boxes  in  your  city. 
Never  report  a fire  unless  there  really 
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This  man  is  cutting  a fire  lane . If  the  grass  catches  fire  on  one  side  of  the  lane , the  fire 
will  probably  not  jump  across  the  bare  lane. 


is  one.  If  a fire  engine  comes  to  an- 
swer a false  alarm,  it  may  be  too  late 
to  get  to  a real  fire  somewhere  else. 
Then  the  real  fire  might  get  such  a 
big  start  that  many  buildings  would 
be  burned. 

You  already  know  what  things  a 
fire  needs  to  burn.  So  you  can  prob- 
ably tell  three  things  we  can  do  to  put 
out  a fire.  One  thing  we  can  do  is  to 
clear  away  from  the  fire  any  material 
that  will  burn.  This  will  keep  the  fire 
from  spreading.  Another  thing  we 
can  do  is  to  cool  the  burning  material 
so  that  it  is  no  longer  hot  enough  to 
burn.  The  third  thing  we  can  do  is  to 
shut  off  the  supply  of  oxygen.  Let  us 
see  how  these  things  are  actually  done. 


In  the  forest,  fire  lanes  are  usually 
made.  A fire  lane  is  a wide  path  from 
which  all  trees  and  bushes  have  been 
cut  away.  Sometimes  it  is  plowed  to 
cover  the  grass  and  leaves  with  soil. 
A fire  lane  is  one  way  of  clearing 
away  materials  that  will  burn.  When 
a fire  starts  in  the  forest,  it  may  keep 
on  burning  until  it  gets  to  the  fire 
lane.  Unless  the  wind  is  strong,  the 
fire  usually  cannot  jump  across  the 
fire  lane. 

A grass  fire  can  sometimes  be 
stopped  by  making  a backfire.  To  do 
this,  the  grass  is  set  on  fire  some  dis- 
tance ahead  of  the  main  fire.  The 
backfire  is  kept  under  control.  It 
makes  a wide  burned  space  in  the 
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Can  you  tell  why  great  clouds  of  smoke  pour  out  when  water  is  put  on  a fire? 


grass.  When  the  main  fire  gets  to  the 
burned  space,  it  usually  stops  because 
there  are  no  materials  left  to  burn. 

Sometimes  a large  fire  in  a big  city 
gets  completely  out  of  control.  The 
fire  is  so  hot  that  firemen  cannot  go 
near  it.  To  keep  the  fire  from  spread- 
ing, the  firemen  may  blow  up  build- 
ings in  the  path  of  the  fire.  The 
buildings  fall  into  a heap,  covering  up 
the  materials  that  will  burn  easily. 
When  the  fire  gets  to  them,  there  is 
not  much  left  to  catch  fire.  The  fire- 
men have  removed  the  material  that 
will  burn  from  the  path  of  the  fire. 

Of  course,  the  commonest  way  to 
put  out  a fire  is  to  throw  water  on  it. 
The  water  does  two  things  to  put  the 
fire  out.  It  covers  the  burning  materi- 


als and  shuts  off  the  supply  of  oxygen. 
It  also  cools  the  burning  materials  so 
that  they  are  no  longer  hot  enough  to 
burn.  Small  fires  are  easily  put  out 
with  water.  To  put  out  large  fires, 
like  the  one  shown  in  the  picture  on 
this  page,  thousands  of  gallons  of 
water  must  be  used. 

But  a stream  of  water  will  not  put 
out  some  kinds  of  fires.  Sometimes 
hot  cooking  fats  blaze  up  on  a stove. 
If  water  is  poured  on  the  blazing  fat, 
it  will  just  spread  the  fire.  Do  you 
know  why  this  happens?  The  cooking 
fat  is  lighter  than  water.  So  it  floats 
on  top  of  the  water.  Then  the  water 
cannot  shut  off  the  supply  of  oxygen. 
As  the  water  spreads,  the  blazing  fat 
spreads,  too.  Never  pour  water  on 
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blazing  fat.  Throw  baking  soda  on  it 
or  put  a metal  cover  over  it. 

When  kerosene,  gasoline,  or  oil 
catch  fire,  they  act  like  blazing  fat.  A 
stream  of  water  only  makes  them 
spread.  They  are  lighter  than  water, 
and  they  float  on  top  of  it.  The  water 
does  not  shut  off  the  supply  of  oxygen. 
But  firemen  sometimes  use  a fine 
spray  of  water  to  put  out  a kerosene, 
gasoline,  or  oil  fire.  The  fine  spray 
cools  the  burning  materials  until  they 
are  no  longer  hot  enough  to  burn.  And 
it  does  not  spread  the  fire  as  a stream 
of  water  would. 


Another  way  to  put  out  a fire  of 
kerosene,  gasoline,  or  oil  is  to  throw 
sand  or  dirt  on  it.  This  shuts  off  the 
supply  of  oxygen.  It  also  cools  the 
burning  material. 

A third  way  is  to  use  a fire  extin- 
guisher that  contains  carbon  tetra- 
chloride. This  is  a liquid  that  changes 
to  a gas  when  it  gets  hot.  The  gas  is 
about  five  times  as  heavy  as  air.  It 
settles  on  the  fire,  covers  the  burning 
material,  and  shuts  off  the  oxygen. 
Many  people  carry  this  kind  of  fire 
extinguisher  in  their  automobiles.  It 
can  be  used  on  most  kinds  of  fires. 


You  should  know  how  different  kinds  of  fire  extinguishers  work.  Can  you  tell  why 
this  is  true? 


know  your  fire  extinguishers 
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In  your  school,  there  is  probably 
another  kind  of  fire  extinguisher.  It 
makes  carbon-dioxide  gas.  You  can 
do  a simple  experiment  to  see  how 
carbon-dioxide  gas  puts  out  a fire. 
Put  a teaspoonful  of  baking  soda  in 
a glass  and  pour  some  vinegar  on 
it.  Then  hold  a lighted  match  in  the 
glass.  What  happens?  A chemical 
change  made  carbon-dioxide  gas  from 
the  baking  soda  and  vinegar.  The  car- 
bon-dioxide gas  shut  off  the  supply  of 
oxygen  from  the  lighted  match,  and 
the  match  could  no  longer  burn. 

When  a carbon-dioxide  fire  extin- 
guisher is  turned  upside  down,  an 
acid  mixes  with  another  material  dis- 
solved in  water.  A chemical  change 
takes  place,  and  carbon-dioxide  gas 
is  formed.  The  gas  rushes  out  of  the 
extinguisher  and  forces  the  water  out, 


too.  Carbon  dioxide  is  heavier  than 
air.  It  settles  on  .the  fire  and  helps 
shut  off  the  oxygen.  The  water  also 
helps  shut  off  the  oxygen,  and  it  cools 
the  burning  material.  Because  of  the 
stream  of  water,  this  kind  of  fire  extin- 
guisher cannot  be  used  to  put  out  blaz- 
ing kerosene,  gasoline,  grease,  or  oil. 

The  picture  on  this  page  shows  a 
special  kind  of  fire  truck  that  is  often 
used  to  put  out  very  hot  gasoline  fires. 
The  truck  carries  carbon-dioxide  gas 
that  is  kept  at  a very  low  temperature. 
When  the  carbon  dioxide  comes 
out  of  the  truck,  it  is  like  snow. 
It  is  cold  and  heavy,  and  it  rapidly 
cools  the  burning  gasoline  below  its 
kindling  temperature.  At  the  same 
time,  another  material  that  smothers 
the  fire  comes  from  the  truck.  This 
material  and  the  carbon-dioxide 
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snow  together  can  put  out  a big  gas- 
oline fire  in  less  than  a minute! 

Do  you  know  what  to  do  if  your 
clothes  catch  fire?  The  worst  thing 
to  do  is  to  run.  This  fans  the  flames. 
It  brings  more  oxygen  to  the  burning 
clothes  and  makes  them  burn  even 
faster.  If  your  clothes  catch  fire, 
stand  still.  Look  around  for  a coat, 
blanket,  rug,  or  anything  like  it.  Lie 


down  on  this  covering  and  roll  your- 
self up  in  it  as  tightly  as  you  can.  This 
will  shut  off  the  supply  of  oxygen. 

If  another  person’s  clothes  catch 
fire,  wrap  a covering  tightly  around 
him.  If  you  can  find  nothing  to  wrap 
around  burning  clothes,  the  best  thing 
to  do  is  to  lie  down  and  roll  over  slow- 
ly. At  the  same  time,  beat  out  the 
flames  with  your  hands. 


Safety  rules  for  putting  out  fires 

1.  If  you  see  a fire  start,  tell  a grown-up  or  report  it  to  the  fire  depart- 

ment at  once. 

2.  Find  out  what  telephone  number  you  should  call  to  report  a fire. 

3.  Find  out  where  the  nearest  fire-alarm  box  is  and  how  it  works. 

4.  After  you  report  a fire  from  a fire-alarm  box,  stay  near  the  box 

until  the  fire  engine  comes.  Then  tell  the  firemen  exactly  where 
the  fire  is. 

5.  Never  report  a fire  unless  there  really  is  one. 

6.  Use  water,  sand,  or  dirt  to  put  out  small  fires. 

7.  Never  pour  water  on  blazing  fat.  Throw  baking  soda  on  it  or  put  a 

metal  cover  over  it. 

8.  Never  use  a stream  of  water  to  put  out  a fire  of  kerosene,  gasoline, 

or  oil.  Use  sand,  dirt,  or  a fine  spray  of  water. 

9.  Learn  how  the  fire  extinguishers  in  your  school  work. 

10.  If  your  clothes  catch  fire,  do  not  run.  Lie  down  and  roll  up  tightly 
in  some  covering.  Or  roll  over  slowly  and  beat  out  the  flames 
with  your  hands.  If  another  person’s  clothes  catch  fire,  wrap  a 
covering  tightly  around  him. 


1.  What  three  things  can  we  do  to  put  out  a fire? 

2.  How  does  water  put  out  a fire? 

3.  Why  should  a stream  of  water  not  he  used  on  some  kinds  of  fires? 

Tell  how  we  can  put  out  these  fires. 

4.  What  should  you  do  if  your  clothes  catch  fire? 

5.  Tell  what  you  would  do  if  a fire  started  in  your  home. 
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Are  these  hoys  acting  safely?  What  safety  rules  should  they  remember? 


QUESTIONS  TO  ANSWER 


1.  Why  should  the  wood  in  a fire  be 
loosely  piled  to  burn  well? 

2.  When  a fire  is  started  in  a furnace 
or  stove,  what  should  be  done  to  the 
draft  and  the  damper?  Explain  your 
answer. 

3.  If  a kerosene  lamp  smokes,  what 
can  you  do  to  make  it  stop  smoking? 
Tell  why  this  will  do  it. 

4.  Explain  why  there  are  no  ashes 
from  a gas  stove  or  a kerosene  stove. 

5.  A piece  of  paper  burns  faster 
when  it  is  held  in  the  air  than  when 
it  lies  flat  on  the  ground.  Why  does 
this  happen? 

6.  Why  does  a pile  of  burning  leaves 
give  off  much  smoke  when  more  leaves 
are  thrown  on  the  fire? 

7.  Kerosene  or  gasoline  should 
never  be  put  in  a lamp  that  is  hot. 
Explain  why. 


8.  One  kind  of  fire  extinguisher 
makes  a sticky  foam.  How  do  you 
think  this  helps  put  out  a fire? 

9.  Give  a reason  for  each  of  the  ten 
safety  rules  for  putting  out  fires  that 
are  given  on  page  173. 

10.  How  could  you  do  an  experi- 
ment to  discover  whether  soft  coal 
has  a lower  kindling  temperature  than 
hard  coal? 

11.  How  should  the  draft  and  the 
damper  on  a furnace  be  arranged  to 
get  a hot  fire? 

12.  What  can  you  do  to  help  con- 
serve our  supplies  of  coal,  oil,  gas,  and 
wood?  Explain  your  answer. 

13.  Why  do  you  think  we  have  chim- 
neys in  our  homes? 

14.  If  a fire  started  where  there  were 
no  extinguishers,  what  are  the  things 
you  might  do? 


174  unit  si x 


THINGS  TO  DO 


1.  Make  a drawing  of  a furnace  or 
stove.  Explain  how  the  supply  of  oxy- 
gen is  controlled. 

2.  Visit  a fire  station  near  your 
home  or  school.  Find  out  what  kinds 
of  fire  extinguishers  the  firemen  use. 

3.  Cut  out  newspaper  stories  about 
fires  and  make  a collection.  List  the 
different  causes  of  fires  reported  in 
the  newspapers. 

4.  Find  out  what  kinds  of  roofing 
materials  will  not  burn.  Why  are  they 
better  than  wooden  shingles? 

5.  With  your  teacher  watching  you, 
light  different  kinds  of  matches  to  see 
how  they  start  burning  and  how  they 
keep  on  burning. 


6.  Find  out  what  kinds  of  fuels  are 
used  in  your  community  and  what  is 
being  done  to  conserve  them. 

7.  What  can  you  and  the  other 
members  of  your  class  do  to  prevent 
fires  in  your  community?  Perhaps 
your  teacher  can  get  a fireman  to  talk 
to  your  class  about  preventing  fires. 

8.  Look  around  your  home  for  things 
that  may  start  a fire  or  spread  the  fire 
after  it  has  started.  Make  a list  of  the 
things  you  find  and  tell  what  you  can 
do  about  them. 

9.  Find  out  how  fires  are  sometimes 
started  by  spontaneous  combustion. 
What  kinds  of  materials  may  catch  fire 
in  this  way? 
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* In  Unit  Seven  Ton  Will  Learn  * 

* What  food  does  for  you  * What  foods  keep  you  warm  and  give  you  energy  * 

* What  foods  help  you  grow  and  keep  healthy  * 

* How  vitamins  help  you  keep  well  * What  water  does  for  your  body  * 

* What  habits  help  you  get  the  proper  foods  * What  cooking  does  for  your  food  * 


Why  Do  Tou  Need  Food? 


Bill  was  very  excited  when  he 
came  to  school  one  morning  in 
the  spring.  “My  father  gave  me  a 
sheep  to  raise  all  by  myself,”  he 
told  his  friends.  “I’m  going  to  try  to 
win  a prize  with  it  in  the  4-H  Club 
show  at  the  county  fair  next  fall.” 
Bill’s  school  was  in  the  country, 
and  many  of  the  children  belonged  to 
the  4-H  Club.  Several  of  them  were 
raising  animals  for  the  show.  Bob 
had  a calf.  Jim  had  a pig.  Mary  had 
a colt.  And  some  of  the  others  had 
chickens.  They  all  started  to  talk 
about  what  they  had  to  do  to  get  their 
animals  ready  for  the  show. 

“What  do  you  think  is  the  most  im- 
portant thing  you  do  for  your  ani- 
mals?” the  teacher  asked  the  class. 

Almost  everyone  answered,  “Feed 
them  so  that  they  will  grow  big.” 
“They  must  grow  strong,  too,”  said 
Jim.  “Animals  that  weigh  a lot  need 
strong  bones  to  hold  them  up.” 
“Sheep  must  be  fed  so  that  they 
will  have  good  wool,”  said  Bill. 


“Horses  must  have  food  to  make 
them  strong  enough  to  pull  big  loads. 
The  right  kind  of  food  makes  them 
strong  and  also  makes  their  coats 
smooth  and  shiny,”  Mary  said. 

“Chickens  must  be  fed  so  that  they 
will  lay  a lot  of  eggs,”  Nancy  said. 

“All  of  you  are  right,”  said  the 
teacher.  “You  feed  your  animals  so 
that  they  will  grow  big.  But  you  also 
feed  them  so  that  they  will  be  strong 
and  grow  in  some  other  ways,  too. 
The  4-H  Club  gives  you  directions 
that  tell  you  what  kind  of  food  to  give 
the  different  animals  so  that  they  will 
grow  the  way  you  want  them  to.  If 
you  follow  these  directions  carefully, 
you  will  have  healthy  animals  even 
though  some  of  you  do  not  win  prizes. 

“Perhaps  there  will  be  a prize  for 
the  healthiest  boy  and  girl  at  the 
county  fair,  too.  Do  you  know  what  to 
do  to  be  as  healthy  as  possible?  Eating 
the  right  foods  is  the  most  important 
thing  for  you  to  do,  too.  In  this  unit, 
you  will  learn  why.” 
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What  does  food  do  for  you? 


Have  you  ever  stood  up  against 
the  wall  so  that  your  father  or 
mother  could  measure  how  tall  you 
were?  Probably  a mark  was  made 
on  the  wall  level  with  the  top  of 
your  head.  A few  months  later,  you 
were  measured  again  to  see  how 
much  you  had  grown.  Perhaps  you 
are  measured  and  weighed  at  school 
in  the  fall  and  in  the  spring,  or  even 
every  month.  Your  parents  and  teach- 
ers want  to  see  how  much  you  are 
growing. 

Growing  taller  and  weighing  more 
are  two  signs  that  you  are  healthy. 
You  should  be  growing  some  all  the 
time.  If  you  are  not  growing  much, 
your  mother  probably  tries  to  get 


you  to  eat  better  meals.  She  knows 
that  food  makes  you  grow  bigger. 

But  just  because  you  may  not  grow 
so  big  or  so  tall  as  some  of  the  others 
in  your  class  does  not  mean  that  you 
are  not  healthy.  Other  things  besides 
growing  bigger  show  that  you  are 
healthy.  Here  are  two  stories  to  help 
you  see  that  food  does  other  things 
for  you  besides  making  you  grow. 

One  day,  a famous  woman  scientist 
received  a letter.  The  man  who  wrote 
the  letter  said,  “Please  tell  me  how  to 
grow  a new  set  of  teeth.  I need  them.” 
Of  course,  the  scientist  could  not  tell 
this  man  how  to  grow  a new  set  of 
teeth.  But  she  could  tell  him  how  he 
might  have  kept  his  teeth  healthy  so 
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that  he  would  not  need  new  ones. 
This  scientist  had  been  working  for 
many  years  to  show  people  that  eat- 
ing the  right  kind  of  food  will  help 
them  to  keep  their  teeth  strong  and 
healthy. 

In  some  parts  of  our  country,  not 
long  ago,  many  people  were  suffering 
from  a serious  disease.  The  doctors 
could  not  find  out  what  caused  the 
disease,  and  they  could  not  find  out 
how  to  cure  it.  Our  government  sent 
a doctor  to  see  if  he  could  find  out 
what  caused  the  disease.  He  studied 
everything  that  might  help  him  find 
out  what  was  wrong.  He  studied  the 
food  that  people  ate.  He  thought  that 
perhaps  food  had  something  to  do 
with  the  disease.  He  did  some  experi- 
ments and  found  that  he  was  right. 
People  who  ate  certain  foods  did  not 
get  the  disease.  People  who  did  not 
eat  these  foods  got  sick. 

These  two  stories  show  you  that 
food  does  other  things  for  you  besides 
making  you  grow  bigger.  The  proper 
food  helps  you  grow  strong,  healthy 
teeth  that  will  last  you  all  your  life. 
It  can  help  you  grow  a healthy  body 
as  well  as  a bigger  one.  Some  kinds  of 
food  make  your  bones  grow  strong 
and  straight.  Some  kinds  give  you  a 
good,  clear  skin.  Some  foods  protect 
you  from  certain  diseases.  When  your 
body  is  very  healthy,  it  can  fight 
disease  better.  You  may  not  catch 
so  many  colds  if  your  body  has  had 
enough  of  the  proper  kinds  of  foods. 


You  probably  play  and  work  all 
day  without  ever  thinking  about  what 
makes  your  body  go.  But  your  body 
could  not  do  all  the  things  it  does 
without  energy  to  make  it  go.  You  re- 
member that  some  foods  are  energy- 
giving foods.  They  give  you  the 
strength  to  do  work.  Even  at  night 
when  you  are  asleep,  your  body  is 
working.  Your  heart  is  pumping 
blood  to  every  part  of  your  body. 
Your  lungs  are  breathing.  Your  food 
is  being  digested.  And  your  body 
stays  warm  all  the  time.  The  energy 
that  keeps  your  body  going  and  the 
heat  that  keeps  you  warm  come  from 
the  energy-giving  foods  you  eat. 

All  the  time  you  are  working  and 
playing,  you  are  using  up  some  parts 
of  your  body.  You  need  food  to  make 
new  blood  and  new  skin  and  some  of 
the  materials  that  keep  your  body 
running  properly.  You  get  these  ma- 
terials from  the  foods  you  eat. 

You  can  see  that  your  food  must 
do  many  things  for  your  body.  You 
know  that  your  body  cannot  get 
everything  it  needs  from  just  any 
kind  of  food.  The  boys  and  girls  who 
are  raising  animals  for  the  4-H  Club 
know  this,  too.  They  know  that  what 
they  feed  the  animals  is  just  as  im- 
portant as  how  much  they  feed  them. 
Perhaps  your  class  can  do  an  experi- 
ment that  will  help  you  find  out  what 
kinds  of  food  you  should  eat.  It  will 
help  you  if  you  can  watch  the  experi- 
ment while  you  are  studying  this  unit. 
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Put  the  weight  of  each  rat  on  a chart  on  the  day  you  start  your  experiment. 


Try  to  get  some  white  rats  that  are 
the  same  age  and  about  the  same  size. 
Divide  the  rats  into  two  groups. 
Weigh  them  all  and  write  down  their 
weights.  Feed  one  group  lean  meat, 
bread,  and  potato  and  give  them 
plenty  of  water.  Feed  the  other  group 
the  same  things  but  also  give  them 
some  raw  and  cooked  vegetables  and 
milk  as  well  as  water  to  drink.  Give 
both  groups  fresh  food  and  water 
every  day  and  keep  their  cages 
clean.  Weigh  them  once  a week.  Make 
a chart  like  the  one  on  this  page.  Put 
the  weight  of  the  rats  on  the  chart 
each  time  you  weigh  them. 


Watch  them  carefully  as  they  grow. 
It  may  be  several  weeks  before  you 
notice  much  difference  between  the 
two  groups.  Which  ones  grow  the 
more?  Which  ones  look  healthier? 
Why  do  you  think  they  look  health- 
ier? What  you  learn  in  the  rest  of 
this  unit  will  help  you  answer  this 
last  question. 

To  see  if  you  are  eating  the  foods 
that  will  help  you  grow  best,  keep  a 
list  of  the  foods  you  eat  at  breakfast, 
lunch,  and  dinner.  Put  down  every- 
thing you  eat  between  meals,  too. 
You  will  use  this  food  list  as  you 
study  the  rest  of  this  unit. 


1 . Name  some  things  that  food  does  for  you. 

2.  How  does  food  help  you  while  you  sleep? 

3.  What  do  you  expect  your  experiments  with  rats  to  show? 
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People  who  do  such  hard  work  as  this  need  foods  that  give  them  plenty  of  energy . 


What  foods  keep  you  warm  and  give  you  energy? 


utt’s  cold  this  morning,”  said 

X John’s  mother  when  he  came 
down  to  breakfast.  “You’d  better  eat 
a big  dish  of  cereal,  some  buttered 
toast,  and  some  bacon.  They  will  help 
keep  you  warm.” 

Do  you  know  why  the  cold  weather 
made  John’s  mother  want  him  to  eat 
these  foods?  You  probably  know  that 
the  temperature  of  your  body  stays 
about  the  same  all  the  time.  Even 
when  you  go  out  in  cold  weather,  your 
body  still  keeps  warm  on  the  inside. 
This  means,  of  course,  that  there  must 
be  some  way  of  producing  heat  inside 
your  body.  You  know,  too,  that  you 


can  move  your  body  and  other  things. 
This  also  takes  energy. 

The  heat  that  keeps  your  body 
warm  comes  from  the  food  you  eat. 
You  have  seen  that  heat  is  produced 
when  fuels  combine  with  oxygen  and 
burn.  A chemical  change  somewhat 
like  this  goes  on  in  your  body.  Of 
course,  there  are  no  flames  in  your 
body  as  there  are  in  a stove.  But 
foods  combine  with  oxygen  in  your 
body.  When  this  happens,  heat  is  pro- 
duced. Scientists  can  show  that  this 
takes  place.  They  even  know  just 
how  much  heat  can  be  produced  from 
a certain  amount  of  food. 
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These  foods  contain  large  amounts  of  fat.  Fat  gives  more  energy  than  any  other  food. 


Heat,  as  you  know,  is  a form  of  en- 
ergy. Your  body  also  needs  energy  for 
the  muscles  to  do  their  work.  Many 
different  things  are  going  on  in  your 
body  even  when  you  are  resting. 
Your  heart  must  keep  on  beating  and 
you  must  also  breathe.  Your  muscles 
need  energy  even  when  you  are  quiet. 
And  much  more  energy  is  needed 
when  you  play  or  work.  The  food 
you  eat  must  produce  this  extra  en- 
ergy that  you  need. 

Experiments  have  shown  that  cer- 
tain kinds  of  foods  contain  materials 
that  make  them  better  than  other 
foods  for  providing  energy.  These 
food  materials  are  called  fats  and 
carbohydrates.  They  are  called  fuel 
foods  or  energy  foods  because  they 


supply  us  with  heat  to  keep  us  warm 
and  energy  to  move  our  muscles. 
John’s  mother  knew  that  cereal,  but- 
tered toast,  and  bacon  contain  a lot 
of  carbohydrates  and  fats.  So  she 
had  him  eat  these  foods  for  breakfast. 
She  wanted  him  to  have  the  fuel  he 
would  need  during  the  day.  Because 
you  need  fuel  each  day,  you  must 
know  which  foods  contain  fats  and 
carbohydrates.  Then  you  will  know 
what  foods  to  eat  to  supply  you  with 
energy. 

Have  you  ever  watched  your 
mother  unwrap  some  bacon  that  was 
wrapped  in  paper?  If  you  have,  you 
probably  noticed  large  grease  spots 
on  the  paper.  You  can  always  tell 
whether  food  has  fat  in  it  by  press- 
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Foods  containing  carbohydrates  give  your  body  warmth  and  energy , too. 


ing  some  of  the  food  against  a piece 
of  paper.  If  it  leaves  a greasy  mark, 
the  food  contains  fat.  This  is  a test  for 
fat.  Fat  is  the  substance  that  makes 
foods  greasy  or  oily.  Get  some  differ- 
ent kinds  of  foods  and  give  them  this 
test.  Which  ones  have  fat  in  them? 

Butter,  lard,  and  margarine  are 
probably  the  fat  foods  that  you  know 
best.  They  are  almost  entirely  fat. 
Meats  have  fat  in  them.  Some  meats 
have  much  more  fat  than  others.  If 
you  tested  the  yolk  of  a hard-boiled 
egg,  cheese,  and  nuts,  you  found  that 
they  have  fat.  For  they  leave  a greasy 
mark  on  the  paper,  too. 

Olive  oil  and  peanut  oil  also  make  a 
greasy  mark.  These  liquids  and  other 
oils  in  foods  are  like  fats.  When  we 


talk  about  fats  in  this  unit,  we  mean 
oils,  too. 

And  now  let  us  see  which  foods 
contain  carbohydrates.  Starch  and 
sugar  are  carbohydrates.  It  is  easy  to 
tell  when  you  are  eating  sugar  or  a 
food  containing  sugar.  Any  food 
that  has  a sweet  taste  contains  sugar. 
Oranges,  bananas,  grapes,  apples, 
and  berries  are  all  foods  containing 
sugar.  Your  mother  makes  pies,  cook- 
ies, cakes,  jellies,  candy,  and  pre- 
serves. Usually  she  puts  sugar  in 
them  to  make  them  sweet.  You  will 
probably  have  no  trouble  deciding 
if  a food  has  sugar  in  it. 

You  may  not  know  when  you  are 
eating  starch.  You  have  probably 
seen  starch  that  is  used  in  cooking 
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How  could  you  tell  whether  these  foods  have  starch  in  them  or  not? 


and  also  starch  that  is  put  in  clothes 
after  they  are  washed.  This  starch  is 
a fine  white  powder.  But  starch  does 
not  look  like  this  in  your  food.  Then 
how  can  you  tell  if  you  are  eating 
starch? 

Get  two  glasses  of  water.  In  one 
glass  of  water,  put  a teaspoonful  of 
starch  and  stir  it.  Then  put  a few 
drops  of  iodine  in  each  glass.  What 
happens?  What  color  is  the  liquid 
in  each  glass?  The  one  with  the  starch 
in  it  turns  purple  or  black.  Because 
this  always  happens  when  iodine  is 
added  to  starch,  scientists  use  this  test 
to  see  if  foods  have  starch  in  them. 


Cut  a slice  of  potato  and  put  a few 
drops  of  iodine  on  it.  Is  there  starch 
in  the  potato?  Test  some  other  foods, 
such  as  cereals,  bread,  and  different 
fruits  and  vegetables.  Also  cut  open 
a corn  seed  and  a bean  seed  and  test 
them.  Some  foods  have  more  starch 
in  them  than  others.  Seeds,  potatoes, 
bread,  and  cereals  have  much  starch. 

Fats  and  carbohydrates  are  com- 
pounds. They  are  made  of  three  ele- 
ments— carbon,  hydrogen,  and  oxy- 
gen. They  are  made  of  the  same  ele- 
ments, but  they  do  not  have  the  same 
amounts  of  each  of  these  elements  in 
them.  Fats  have  less  oxygen  than 
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carbohydrates.  Carbohydrates  sup- 
ply only  about  half  as  much  energy 
as  the  same  amounts  of  fats  do.  But 
we  eat  more  foods  with  carbohydrates 
in  them  than  fats.  So  most  of  our 
energy  comes  from  carbohydrates. 

The  amount  of  fuel  foods  a person 
needs  depends  partly  on  what  he  is 
doing  and  partly  on  where  he  lives. 
People  who  are  doing  very  hard  work 
outdoors  need  more  energy  than 
someone  who  is  sitting  inside  at  a 


desk.  You  need  more  energy  foods 
when  you  skate  or  play  outdoors  in 
winter,  or  work  in  your  garden  in 
summer  than  when  you  just  stay  in- 
side and  play  quiet  games. 

People  who  live  in  cold  climates  can 
eat  more  fats  than  those  who  live  in 
hot  ones.  Their  bodies  need  extra  fuel 
to  keep  them  warm.  Wherever  you 
live,  you  need  enough  fuel  foods  to 
supply  you  with  the  energy  you  need 
to  keep  warm  and  move  your  muscles. 


1.  What  is  a fuel  food?  Why  is  it  called  this? 

2.  How  does  your  body  get  energy  from  food? 

3.  What  are  two  uses  of  the  energy  you  get  from  food? 

4.  Name  some  foods  that  contain  fats.  Which  of  them  did  you  eat 

yesterday  and  today? 

5.  Name  some  foods  that  contain  carbohydrates.  Which  of  these  did 

you  eat  yesterday  and  today? 


What  foods  help  you  grow  and  keep  healthy? 


If  you  were  measured  at  the  begin- 
ning of  school  in  the  fall,  you  prob- 
ably found  that  you  had  grown  taller 
since  last  spring.  How  much  did  you 
grow?  One  of  the  things  that  foods 
do  for  you  is  to  make  you  grow.  Foods 
also  help  your  body  to  repair  the 
parts  that  wear  out  as  you  work  and 
play.  Foods  make  new  blood,  and 
they  make  certain  materials  that  keep 
your  body  working  well. 

Many  foods  contain  a material 
called  protein.  Protein  contains  the 


elements  carbon,  oxygen,  and  hy- 
drogen, just  as  the  fats  and  carbo- 
hydrates do.  But  protein  always  has 
one  more  element,  too.  It  always  has 
nitrogen  in  it.  Sometimes  protein 
contains  the  elements  sulphur  and 
phosphorus. 

The  lean  part  of  meat  is  made  of 
protein.  Protein  is  found  in  milk,  too. 
Cheese  is  made  from  milk,  and  so  it 
gives  you  protein.  Eggs,  fish,  and  a 
few  vegetables  like  peas,  beans,  and 
soybeans  have  a great  deal  of  protein 


FOOD  FOR  HEALTH  185 


Foods  like  the  ones  in  this  picture  provide  protein  for  building  your  body. 


in  them.  You  see  that  there  are  many 
kinds  of  foods  that  supply  protein  to 
our  bodies. 

Protein  is  often  called  the  body- 
building food.  It  is  used  to  build  up 
your  muscles  and  other  parts  of  your 
body.  If  you  fall  down  and  skin  your 
knee,  protein  helps  make  new  skin. 
Your  body  can  and  does  use  protein 
to  give  you  energy,  but  protein  is 
used  mostly  as  a building  material. 
Right  now  you  are  growing  fast  and 
need  to  give  your  body  plenty  of  body- 
building foods. 

But  protein  is  not  the  only  material 
in  food  that  you  need  to  grow  and 
keep  your  body  healthy.  Your  mother 
probably  gives  you  a glass  of  milk  to 
drink  with  your  meals.  Milk  is  one 


of  our  very  best  foods.  It  contains  fat, 
sugar,  and  protein.  It  contains  two 
elements  that  your  body  needs  to 
make  bones  and  teeth.  One  of  these 
elements  is  calcium,  and  the  other  is 
phosphorus.  The  hard  parts  of  your 
bones  and  teeth  are  made  of  calcium 
phosphate.  This  is  a compound  of 
calcium  and  phosphorus  combined 
with  oxygen. 

Calcium  and  phosphorus  are  called 
minerals.  Without  these  minerals, 
your  bones  would  not  be  strong 
enough  to  hold  you  up  or  to  protect 
the  soft  parts  inside  your  body.  And 
you  could  not  bite  into  foods  and 
chew  them  with  your  teeth.  Much  of 
your  food  would  have  to  be  chopped 
up  before  you  could  eat  it. 
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If  you  eat  plenty  of  these  kinds  of  foods,  you  will  he  getting  the  minerals  you  need. 


If  you  can  get  a slender  chicken 
bone,  you  can  do  an  experiment  that 
will  show  you  very  well  what  your 
bones  would  be  like  without  calcium. 
Put  the  bone  in  a dish  and  cover  it 
with  strong  vinegar.  Let  it  stay  there 
for  several  days.  What  can  you  do 
with  the  bone  when  you  take  it  out 
of  the  vinegar?  Can  you  bend  it 
enough  to  tie  it  in  a knot?  The  acid 
in  the  vinegar  dissolved  the  calcium 
in  the  bone.  There  is  no  longer  any 
calcium  in  the  bone  to  make  it  stiff. 
It  has  become  soft  enough  to  bend. 

Your  second  set  of  teeth  must  last 
for  the  rest  of  your  life.  You  can  see 
why  it  is  very  important  to  keep  your 
teeth  strong  and  healthy.  Calcium 
and  phosphorus  are  being  used  up  in 


your  body  all  the  time.  You  need  to 
keep  taking  in  more  to  replace  what 
is  used  up.  Milk  is  the  best  food  to 
give  you  calcium.  But  many  vege- 
tables give  you  a little  calcium,  too. 
Milk,  egg  yolks,  cheese,  liver,  and 
some  vegetables  also  have  phosphor- 
us in  them. 

Your  body  needs  other  minerals 
besides  calcium  and  phosphorus. 
Scientists  have  found  that  you  need 
about  fourteen  different  minerals  to 
keep  your  body  healthy.  You  get 
enough  of  most  of  them  in  your  food 
without  worrying  about  it.  But  you 
need  to  choose  your  food  well  to  get 
enough  of  some  of  them.  You  need 
iron  for  your  blood.  Liver,  prunes, 
lean  meat,  egg  yolks,  molasses,  and 
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potatoes  are  some  of  the  foods  that 
contain  iron. 

Another  important  material  your 
body  needs  is  iodine.  Iodine  is  one  of 
the  elements.  You  get  enough  iodine 
if  you  eat  fish,  oysters,  clams,  and 
other  seafoods.  Perhaps  you  live  in  a 


part  of  the  country  where  it  is  hard  to 
get  seafoods.  Then  you  can  use  salt 
that  has  some  iodine  in  it.  It  is  called 
“iodized”  salt.  Look  on  the  package 
of  salt  at  home  and  see  if  you  are  us- 
ing the  kind  of  salt  that  has  iodine 
added  to  it. 


1.  What  kinds  of  foods  do  you  need  to  huild  new  body  material? 

2.  Name  some  foods  that  contain  fairly  large  amounts  of  protein. 

Which  of  these  have  you  eaten  yesterday  and  today? 

3.  Why  must  you  eat  foods  that  contain  minerals?  Name  some  min- 

erals that  you  need. 

4.  How  are  protein  foods  different  from  fat  foods  and  carbohydrate 

foods? 


How  do  vitamins  help  you  keep  well? 


Many  years  ago,  sailors  on  long 
sea  voyages  used  to  have  a dis- 
ease called  scurvy.  This  is  a very  pain- 
ful disease.  The  mouth  becomes  sore, 
and  the  gums  bleed.  The  joints  swell 
up,  too.  In  those  days,  people  did 
not  know  how  to  keep  foods  fresh. 
Sailors  could  not  take  fresh  fruits 
or  vegetables  with  them  on  long  voy- 
ages. At  last,  someone  discovered  that 
the  sailors  did  not  get  scurvy  if  they 
drank  lime  juice.  After  that,  ships  car- 
ried big  bottles  of  lime  juice  with 
them.  Something  in  the  lime  juice 
prevented  scurvy,  but  no  one  knew 
what  the  something  was.  The  same 
something  is  also  found  in  lemon 
juice,  orange  juice,  and  tomato  juice. 
A doctor  on  an  island  in  the  south 


Pacific  Ocean  had  many  people  in  his 
hospital  who  were  sick  with  a disease 
called  beriberi.  This  disease  made 
their  legs  so  weak  that  they  could  not 
stand  up.  One  day,  he  noticed  that 
some  of  the  chickens  in  the  chicken 
yard  near  the  hospital  were  acting 
very  much  like  the  people  who  had 
beriberi.  Their  legs  and  feet  were 
weak,  and  they  could  hardly  stand  up. 
Then  he  noticed  that  the  chickens 
were  being  fed  white  rice.  This  was 
what  the  people  in  the  hospital  were 
eating,  too. 

The  doctor  found  out  that  the 
little  boy  who  was  feeding  the 
chickens  sometimes  bought  brown 
rice.  This  brown  rice  was  cheaper. 
Then  the  doctor  noticed  something 


188  UNIT  SEVEN 


that  set  him  to  thinking.  The  chickens 
did  not  get  sick  when  they  ate  the 
brown  rice.  Could  this  disease  have 
something  to  do  with  what  the 
people  and  the  chickens  ate? 

This  doctor  was  a good  scientist.  He 
did  an  experiment  to  try  to  find  the 
answer  to  his  question.  He  put  some 
chickens  that  were  not  sick  in  a pen 
and  fed  them  on  white  rice.  They  all 
got  sick.  Then  he  gave  them  brown 
rice,  and  they  got  well.  He  knew  that 
white  rice  is  made  by  grinding  off  the 
brown  outer  layers,  or  hulls,  of  the 
grains  of  rice.  He  found  that  there 
was  something  in  these  brown  outer 
layers  that  could  keep  chickens  and 
people  from  getting  beriberi.  The 
doctor  had  made  a great  discovery. 


But  it  was  many  years  before  scien- 
tists found  out  what  the  material  in 
the  rice  hulls  is. 

Perhaps  you  have  guessed  by  now 
that  the  material  in  the  lime  juice 
and  the  material  in  the  rice  hulls  are 
vitamins.  The  word  vitamin  was 
made  up  by  scientists  as  a name  for 
these  materials.  For  a long  time,  sci- 
entists did  not  even  know  what  the 
materials  were  or  how  many  of  them 
there  were.  They  called  the  first 
vitamin  they  discovered  vitamin  A. 
The  next  one  was  called  vitamin  B, 
and  so  on.  Later,  they  found  that 
there  were  several  kinds  of  one  vita- 
min. They  have  found  that  vitamin 
B is  at  least  five  or  six  different  vita- 
mins. So  they  named  them  B one. 
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y ou  will  not  need  to  take  vitamin  pills  if  you  eat  plenty  of  these  kinds  of  foods. 


B two , and  so  on.  They  are  written 
like  this,  vitamin  Bi,  B2,  etc.  Each 
vitamin  helps  your  body  in  certain 
ways.  Foods  that  contain  vitamins 
are  often  called  protective  foods,  be- 
cause they  protect  us  from  certain 
diseases. 

Vitamin  A keeps  you  growing  well. 
It  keeps  the  skin  inside  your  mouth 
and  throat  healthy.  But  vitamin  A 
is  especially  important  for  your  eyes. 
It  keeps  you  from  getting  certain 
eye  diseases,  and  it  helps  your 
eyes  see  better  when  the  light  is  dim 
and  even  when  it  is  dark.  Aviators 
who  fly  planes  at  night  eat  extra 
amounts  of  vitamin  A to  help  them 
see  better.  But  everyone  needs  plenty 
of  this  vitamin  to  keep  his  eyes  in 


good  condition.  Vitamin  A is  found 
in  butter  and  is  often  put  in  mar- 
garine. Carrots,  tomatoes,  and  spin- 
ach are  vegetables  that  will  supply 
you  with  vitamin  A. 

The  vitamin  in  the  brown  rice  is 
called  vitamin  Bx.  Vitamin  B±  helps 
you  grow  properly  and  gives  you  a 
good  appetite.  We  do  not  eat  so  much 
rice  in  our  country  as  people  do  in  the 
part  of  the  world  where  the  doctor 
discovered  the  material  in  the  rice 
hulls.  But  we  eat  lots  of  wheat. 
Wheat  grains  are  like  rice  grains. 
Wheat  has  most  of  the  vitamin  in 
the  hull  and  in  the  part  that  grows  in- 
to the  new  plant.  In  white  flour,  the 
hull  and  the  part  that  makes  the  new 
plant  are  usually  taken  out.  When 
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this  is  done,  we  are  losing  vita- 
min Bi  from  the  flour.  Whole-wheat 
flour  does  not  have  these  parts  re- 
moved, and  so  it  has  more  vitamin  Bx 
in  it. 

If  we  eat  bread  and  cereals  that  are 
made  of  the  whole  grain,  we  get  the 
vitamin  Bx  that  we  need.  Scientists 
now  know  how  to  make  vitamin  Bi, 
and  it  can  be  put  into  white  flour. 
Perhaps  you  have  heard  about  or 
read  about  white  bread  that  has  been 
enriched.  That  means  that  vitamin 
Bi  has  been  put  into  the  flour  or  into 
the  dough  before  the  bread  was 
baked.  Your  mother  can  buy  en- 
riched flour  to  use  when  she  bakes 
cakes  and  bread.  Milk,  cheese,  liver, 
spinach,  and  many  other  vegetables 
have  vitamin  Bx  in  them. 

The  vitamin  in  the  lime  juice  is 
called  vitamin  C.  Besides  preventing 
scurvy,  vitamin  C helps  your  body 
heal  when  you  cut  yourself  or  burn 
yourself.  It  helps  your  body  use 
the  calcium  in  food  for  your  bones 
and  teeth.  But  your  mother  does  not 
have  to  keep  a bottle  of  lime  juice  for 
you  to  drink.  Oranges,  lemons,  grape- 
fruit, and  tomatoes  have  vitamin  C in 
them.  Many  other  fruits  and  vege- 
tables have  vitamin  C.  You  will  get 
enough  vitamin  C if  you  eat  plenty  of 
fruits  and  vegetables. 

Does  your  mother  give  you  cod- 
liver  oil  during  the  winter?  If  you 
take  cod-liver  oil,  you  are  taking  it  to 
get  an  extra  amount  of  another  very 


This  baker  is  'putting  vitamin  into  the 
dough  he  is  mixing. 


important  vitamin.  This  is  vitamin  D. 
Vitamin  D makes  your  bones  grow 
straight  and  strong.  It  also  helps  your 
teeth.  Children  who  did  not  get 
enough  of  this  vitamin  when  their 
bones  were  forming  and  growing 
are  often  bowlegged.  Other  bones 
in  their  bodies  may  be  badly  formed, 
too,  because  of  a disease.  Scientists 
call  this  disease  rickets . Vitamin  D 
helps  prevent  rickets. 

Vitamin  D is  found  mostly  in  fish. 
That  is  why  you  take  oil  made  from 
the  livers  of  codfish,  halibut,  and 
sharks  if  you  need  extra  amounts  of 
vitamin  D.  You  also  get  it  when  you 
eat  fish,  liver,  and  egg  yolks. 
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The  rat  on  top  had  no  vitamin  D in  his  food.  The  one  below  had  plenty  of  vitamin 
D.  Do  you  think  the  vitamin  D helped  give  this  rat  stronger  bones? 


But  vitamin  D is  different  from  the 
others  in  one  important  way.  Your 
own  body  can  make  vitamin  D for 
you  if  you  are  in  the  sunlight  enough. 
But  in  the  wintertime  there  are  many 
days  when  there  is  no  sunshine.  Also, 
when  you  play  outdoors  in  cold 
weather,  most  of  your  skin  is  cov- 
ered with  heavy  clothing.  So  in  win- 
ter you  may  need  to  take  an  extra 
amount  of  vitamin  D. 


Sometimes  foods  are  irradiated 
to  give  them  more  vitamin  D.  To  do 
this,  artificial  sunlight  is  allowed  to 
shine  on  the  foods.  Milk,  butter,  and 
margarine  are  often  irradiated. 

You  probably  hear  people  talk  a lot 
about  vitamins  and  the  different 
kinds  of  vitamin  pills.  Usually  you 
can  get  enough  vitamins  without 
taking  pills.  But  you  must  eat  the 
protective  foods  that  contain  vitamins. 


1.  What  is  a protective  food? 

2.  Make  a list  of  vitamins  and  tell  what  each  vitamin  does  for  you. 

3.  Make  a list  of  vitamins  and  name  some  foods  that  contain  each 

vitamin. 

4.  Why  are  scientists 9 experiments  with  food  so  important  to  you? 

5.  Should  you  take  vitamin  pills  just  because  you  heard  someone 

say  they  were  good  for  you? 
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What  does  water  do  for  your  body? 


Proteins  help  your  body  grow. 

Fats  and  carbohydrates  give  you 
energy  and  keep  your  body  warm. 
Minerals  and  vitamins  help  you  grow 
and  keep  your  body  healthy.  There 
is  just  one  more  thing  your  body 
needs  to  keep  it  well.  That  is  water. 
Did  you  know  that  nearly  three 
fourths  of  your  body  is  water?  You 
should  drink  at  least  four  glasses  of 
water  each  day.  Your  body  needs 
much  water  because  your  blood  is  a 
liquid  that  is  mostly  water.  You  need 
water  so  that  your  body  can  keep  on 
making  the  blood  it  needs. 

Water  also  acts  like  the  cooling  sys- 
tem in  an  automobile.  Water  helps 
keep  your  body  at  the  right  tempera- 
ture. Water  helps  dissolve  your  food. 
Water  carries  off  waste  materials 
from  your  body.  When  you  play  hard 
or  work  hard,  you  perspire.  Perspira- 
tion is  water  that  is  carrying  some  of 
the  waste  materials  from  your  body. 

Scientists  know  that  a person  loses 
four  or  five  pints  of  water  from  his 
body  every  day.  You  cannot  replace 
all  of  this  water  even  if  you  do  drink 
four  glasses  a day.  But  you  can  get 
water  in  milk,  fruit  juices,  juicy 
fruits,  and  vegetables.  Many  things 
you  eat  have  much  water  in  them. 
Look  at  the  pictures  on  this  page. 
They  show  how  much  water  you 
would  get  if  you  ate  these  amounts  of 
potatoes,  beans,  or  raspberries. 
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GREEN  and  YELLOW 
VEGETABLES.. 

^ SOME  RAW- SOME  / 
\ COOKED,  FROZEN  / 
\ OR  CANNED  / 


ORANGES,  TOMATOES, 
GRAPEFRUIT.. 

OR  RAW  CABBAGE 
OR  SALAD  GREENS 


BREAD,  FLOUR 
and  CEREALS.. 
NATURAL  WHOLE  GRAIN 
OR  ENRICHED 
OR  RESTORED  S 


POTATOES  and  OTHER 
VEGETABLES  and  FRUITS 
V RAW,  DRIED,  COOKED 
FROZEN  OR  CANNED 


MILK 

MILK  PRODUCTS 

FLUID  EVAPORATED 
DRIED  MILK 
OR  CHEESE 


MEAT,  POULTRY, 
FISH,  OR  EGGS.. 
OR  DRIED  BEANS, 
PEAS,  NUTS  OR 
PEANUT  BUTTER 


r EAT  ^ 
r THE  BASIC 

7 

. EVERY 
L DAY  J 


habits  will  help  you  get  the  proper  foods? 


You  may  think  you  need  to  spend 
most  of  your  time  eating  to  get 
all  the  fats,  carbohydrates,  protein, 
minerals,  and  vitamins  your  body 
needs.  But  if  you  remember  the  kinds 
of  foods  that  have  these  materials  in 
them,  you  can  get  all  of  them  you 
need  in  your  three  meals  a day. 
Luckily,  many  foods  have  more  than 
one  of  these  important  materials  in 
them. 

The  chart  on  this  page  shows  you 
how  to  choose  your  foods  so  that  you 


will  get  the  right  food  materials.  The 
foods  have  been  divided  into  seven 
groups,  called  the  basic  seven.  Basic 
means  that  they  are  the  ones  you 
cannot  do  without  if  you  want  to 
be  really  healthy.  Each  group  does 
some  one  of  the  important  things 
for  your  body  that  you  have  learned 
about.  If  you  eat  something  from  each 
group  every  day,  you  will  be  getting 
everything  you  need.  “Eat  the  basic 
seven  every  day”  is  a good  rule  for 
you  to  remember. 
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Scientists  can  separate  the  different  materials  in  milk  and  find  out  how  much  of  each 
material  there  is  in  a quart  of  milk.  Casein  and  albumen  are  the  protein  parts  of  milk 
that  they  find  in  the  curd. 


If  you  follow  this  basic-seven  rule, 
you  will  have  enough  of  all  the 
different  foods  instead  of  eating  too 
much  of  one  kind  and  not  enough  of 
another.  This  does  not  mean  that  you 
should  eat  only  the  foods  on  this 
chart.  But  it  does  mean  that  you 
should  be  sure  to  eat  these  foods  first. 
When  you  have  formed  the  habit  of 
eating  these  foods,  you  will  probably 
find  that  you  like  many  things  that 
you  thought  you  disliked.  You  can 
form  the  habit  of  liking  foods  instead 
of  disliking  them. 

Why  should  you  form  the  habit  of 
drinking  a quart  of  milk  every  day? 
Let  us  take  some  milk  apart,  so  that 
you  can  understand  why  it  is  impor- 
tant to  drink  plenty  of  milk.  First, 
take  the  cream  off  the  top  of  a bottle 
of  milk.  Put  it  into  a glass  jar.  You 
can  churn  this  cream  into  butter  by 
beating  it  with  an  egg  beater  or  shak- 


ing it  in  a glass  jar  with  a tight  cover. 
What  food  material  does  this  part  of 
the  milk  have?  It  is  fat.  So  you  can 
see  that  milk  has  some  fuel  food  in  it. 

The  milk  that  is  left  after  the  cream 
is  taken  off  is  skim  milk.  Let  this  part 
stand  until  it  is  sour.  Heat  it  a little. 
Some  white,  fluffy  material  appears. 
This  is  called  the  curd.  Strain  it,  salt 
it,  and  you  will  have  some  cottage 
cheese.  Curd  has  much  protein  in  it. 
So  you  can  see  that  milk  has  a body- 
building food  in  it. 

The  liquid  part  that  is  left  is  called 
the  whey.  Taste  it.  Is  it  sweet?  There 
is  sugar  in  it.  Here  is  another  fuel 
food.  Heat  the  liquid  in  a shallow 
dish  until  it  evaporates.  What  is  left? 
This  sticky  material  in  the  bottom  of 
the  dish  has  some  sugar,  calcium,  and 
phosphorus  in  it.  So  you  can  see  that 
milk  has  a carbohydrate  and  some 
minerals  in  it,  too. 
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You  have  found  four  of  the  food 
materials  that  you  need  in  this  bot- 
tle of  milk.  Besides  these  four  impor- 
tant food  materials,  milk  also  has  vi- 
tamins in  it.  Do  you  see  why  milk  is 
called  the  perfect  food?  You  should 
drink  a quart  of  milk  every  day. 

Do  you  sleep  so  late  in  the  morning 
that  you  do  not  have  time  to  eat  a 
good  breakfast  before  you  go  to 
school?  If  you  do,  you  are  missing  a 
very  important  meal.  You  are  trying 
to  run  your  body  all  morning  without 
giving  it  enough  fuel  for  energy.  You 
need  to  eat  a good  breakfast  to  begin 
the  day.  A healthful  breakfast  gives 
you  vitamin  C.  Oranges,  grapefruit, 
the  juices  of  these  fruits,  and  tomato 
juice  have  good  supplies  of  this 
vitamin. 

For  fuel  food,  you  need  some  cereal 
and  some  buttered  toast.  If  you  use  a 


whole-grain  cereal  and  whole-wheat 
or  enriched  bread,  you  will  get  vita- 
min Bx  and  some  minerals  at  the  same 
time.  An  egg  for  breakfast  three  or 
four  times  a week  gives  you  protein 
and  some  of  the  minerals  and  vita- 
mins. Sometimes  when  it  is  very  cold 
or  you  are  going  to  do  a lot  of  exer- 
cising, you  may  want  to  eat  bacon 
or  sausage  for  breakfast.  This  fuel 
food  tastes  good,  but  you  can  usually 
get  enough  fuel  food  without  it. 

Milk  on  your  cereal  and  a glass  of 
milk  to  drink  will  give  you  some  of 
the  calcium  and  phosphorus  you  need 
as  well  as  some  vitamins.  Coffee  and 
tea  are  not  good  for  you.  They  do  not 
have  any  of  the  foods  you  need. 

Look  at  the  lists  of  your  meals 
that  you  have  been  keeping.  Do  you 
always  eat  a breakfast  that  includes 
the  foods  you  need?  If  you  do  not,  talk 


One  pint  of  milk  gives  as  much  calcium  as  twenty  servings  of  fruits  and  vegetables. 
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with  your  mother  or  your  teacher 
about  some  way  to  get  the  kind  of 
breakfast  that  is  best  for  you.  You 
will  be  surprised  how  much  better 
you  will  work  and  play  during  the 
morning  if  you  eat  the  right  kinds  of 
foods  for  breakfast. 

Do  you  have  the  habit  of  getting 
some  of  the  basic  seven  for  lunch? 
If  you  go  home  to  lunch,  your  mother 
has  it  ready  for  you.  But  you  may 
take  your  lunch  to  school  or  buy  it 
in  the  school  cafeteria.  Do  you  eat  a 
healthful  lunch,  or  do  you  just  drink 
some  “pop”  and  eat  some  sweets,  be- 
cause they  are  the  things  you  like 
best? 

If  you  take  your  lunch,  your 
mother  can  plan  it  so  that  you  always 
get  some  of  the  basic  seven.  Your 
sandwiches  can  be  made  with  whole- 
wheat bread  and  something  like 
peanut  butter,  cheese,  or  chopped 
egg  for  the  filling.  You  can  take 
lettuce,  carrots,  a tomato,  or  some 
fruit  to  give  you  vitamins  and  miner- 
als. If  your  lunch  box  has  a thermos 
bottle,  you  can  have  milk.  Or  you 
may  get  milk  at  school.  In  the  winter 
when  it  is  cold,  hot  soup  made  with 
milk  tastes  good  and  gives  you  some 
of  the  milk  you  need  every  day.  Some 
fruit  or  some  molasses  cookies  make 
a good  dessert.  Molasses  has  much 
iron  in  it. 

When  you  are  picking  out  your 
food  in  the  school  cafeteria,  you  may 
find  it  much  harder  to  choose  the 


things  you  should  eat.  Sometimes  you 
may  want  to  eat  one  or  two  things  you 
like  instead  of  choosing  a meal  that 
has  the  different  foods  you  need.  But 
you  can  make  a game  out  of  choosing 
a lunch  that  tastes  good  and  is  also 
good  for  you. 

The  picture  on  this  page  shows  a 
girl  and  the  lunch  she  picked  out. 
She  has  cream  of  tomato  soup,  milk, 
a whole-wheat  roll  and  butter,  and 
some  lettuce  salad.  For  dessert,  she 
has  apricots  and  oatmeal  cookies.  Has 
she  chosen  her  lunch  well?  Why 
do  you  think  so?  Now  look  at  your 
food  list  to  see  what  you  have  been 
eating  for  lunch.  Have  you  been 
choosing  the  proper  foods? 

Sometimes  after  school  you  are 
hungry.  It  is  better  to  eat  some  fruit 
or  drink  a glass  of  milk  than  to  eat 


FOOD  FOR  HEALTH  197 


What  does  the  experiment  with  the  white  rats  show  you  about  eating  the  proper  foods? 


candy  or  to  drink  “pop.”  Candy  gives 
you  energy,  but  it  takes  away  your 
appetite  for  your  meals.  If  you  eat 
candy,  it  is  much  better  to  eat  it  right 
after  lunch  or  right  after  dinner. 

“Pop”  is  mostly  water  with  some 
sugar  and  flavoring  in  it.  Like  candy, 
it  will  spoil  your  appetite.  Then  you 
will  not  feel  like  eating  your  dinner, 
because  you  do  not  have  room  for  the 
foods  that  you  need. 

Dinner  is  very  important.  If  you 
have  been  playing  after  school  or 
working  in  your  garden,  you  are 
hungry.  Dinner  is  a good  time  to  get 
some  of  the  basic  seven  that  you 
have  not  eaten  during  the  day.  Your 
dinner  should  probably  start  with 
meat  and  potatoes  and  one  other 


vegetable.  If  you  have  not  had  any 
fresh  fruits  or  vegetables  during  the 
day,  a lettuce  and  tomato  salad  would 
be  good.  For  dessert,  you  might  have 
fruit  or  custard  or  some  ice  cream.  To 
be  sure  that  you  have  had  your  quart 
of  milk  for  the  day,  drink  a glass  of 
milk  with  your  dinner.  Look  at  your 
food  list  again.  Have  you  been  eat- 
ing healthful  dinners?  What  can  you 
do  to  improve  them? 

Planning  meals  is  not  always  an 
easy  job.  But  if  you  know  the  foods 
that  give  you  the  things  you  need, 
you  can  eat  and  be  healthy.  Of  course, 
you  do  not  need  to  remember  just 
which  vegetables  and  fruits  have 
each  vitamin  and  mineral.  If  you  eat 
plenty  of  meat,  fruits,  vegetables, 
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milk,  butter,  and  whole-grain  bread 
and  cereals,  you  will  get  enough  of 
the  different  food  materials  you  need 
for  good  health. 

If  you  were  able  to  get  some  white 
rats,  you  have  been  feeding  and 
watching  the  two  groups  as  you 
studied  this  unit.  How  have  they 


grown?  Which  group  looks  healthier? 
The  rats  that  had  all  the  different 
kinds  of  food  are  big,  playful,  and 
friendly.  But  the  others  are  small  and 
do  not  want  to  play.  The  two  groups 
of  rats  have  grown  differently,  and 
they  act  differently.  You  can  see  why 
it  is  important  to  eat  the  proper  foods. 


1.  List  all  of  the  things  that  you  can  do  to  make  sure  that  you  are 

getting  the  right  foods. 

2.  Explain  why  you  should  eat  some  of  each  of  the  different  food 

materials  every  day.  Do  your  meals  include  these  foods?  How 
do  you  know? 

3.  What  does  this  mean?  Eat  the  basic  seven  every  day. 

4.  Why  is  milk  such  an  important  food? 

5.  What  have  you  learned  about  eating  each  of  these? 

Eggs  Candy  Whole-wheat  bread  Soup  Vegetables 

What  does  cooking  do  for  your  food? 


Your  mother  has  to  do  more  than 
plan  meals  and  buy  food  to  give 
you  something  to  eat.  Before  food 
can  be  eaten,  it  has  to  be  prepared. 
And  much  of  it  has  to  be  cooked. 
Your  stomach  could  not  digest  some 
foods  very  easily  if  they  were  not 
cooked.  Many  foods  would  not  be 
very  appetizing  to  eat  raw.  People  in 
some  parts  of  the  world  eat  raw  fish 
and  raw  meat,  but  we  are  not  used  to 
doing  that  in  our  country.  Another 
reason  for  cooking  food  is  to  kill 
germs.  Certain  germs  can  be  killed 
only  by  cooking  the  food.  But  some- 
times when  food  is  cooked,  the  vita- 


mins are  destroyed  and  many  of  the 
minerals  are  lost. 

There  are  many  ways  of  cooking 
foods,  and  everyone  has  a favorite 
way  of  doing  it.  Some  people  like  to 
fry  a great  deal  of  their  food.  Fried 
foods  are  harder  for  your  stomach  to 
digest  than  foods  cooked  in  other 
ways. 

As  you  know,  vegetables  are  among 
the  most  important  foods  to  eat  to  get 
the  minerals  and  vitamins  you  need. 
But  many  of  the  minerals  and  vita- 
mins are  often  lost  while  the  vege- 
tables are  being  prepared  and  cooked. 
Vegetables  must  be  washed  before 
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THROWING  AWAY  WATER 
FROM  VEGETABLES 


USING  WATER  FROM 
VEGETABLES  FOR  GRAVY 


THROWING  BEET 
GREENS  AWAY 


USING  BEET  GREENS 


they  are  used,  but  they  should  be 
washed  quickly.  They  should  not  be 
allowed  to  stand  in  water  before  they 
are  cooked. 

Cutting  vegetables  up  into  small 
pieces  makes  it  even  easier  for  the  vi- 
tamins and  minerals  to  be  lost.  When 
you  peel  potatoes,  you  take  off 
the  part  that  has  most  of  the  min- 
erals. Baked  potatoes  or  potatoes 
cooked  with  their  skins  on  still  have 
most  of  their  minerals  after  they  are 
cooked. 

When  vegetables  are  boiled  in  a lot 
of  water,  the  minerals  in  the  vegeta- 
bles dissolve  in  the  water.  Some  of 
the  vitamins  may  dissolve  in  the 
water,  too.  Usually  this  water  in 
which  vegetables  are  cooked  is 
thrown  away.  Then  most  of  the 
minerals  and  vitamins  you  could  get 
from  the  vegetables  are  lost. 

To  save  these  important  food  ma- 
terials, vegetables  should  be  boiled  in 
as  little  water  as  possible.  And  they 
should  be  cooked  only  long  enough  to 
make  them  tender.  If  there  is  not  too 
much  water  in  the  pan,  the  juice  from 
the  vegetables  can  be  served  with 
them.  Then  you  will  be  getting  all  of 
the  minerals  and  vitamins  they  have. 
This  juice  can  be  used  in  soups  and 
gravies,  too. 

If  meat  is  boiled  or  cooked  with  a 
great  deal  of  water,  the  minerals, 
much  of  the  fat,  and  some  of  the  pro- 
tein are  lost  from  the  meat.  Roasting 
or  broiling  keeps  most  of  the  minerals 
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and  vitamins  in  the  meat.  So  it  is 
best  to  cook  meats  in  these  two  ways 
whenever  you  can. 

Water  is  not  the  only  thing  that 
takes  vitamins  from  your  food.  Heat 
and  air  also  destroy  some  of  the  vita- 
mins. Fresh  vegetables  and  fruits 
have  most  of  their  vitamins  still  in 
them.  The  longer  they  are  exposed  to 
the  air,  the  more  vitamins  they  lose. 
Cooking  vegetables  and  fruits  in  pans 
that  are  covered  as  tightly  as  possible 
helps  keep  the  vitamins  in. 

Very  often  canned  vegetables  and 
canned  fruits  bought  in  a store  have 
more  vitamins  than  the  fresh  ones 
cooked  at  home.  The  way  they  are 
cooked  in  a big  canning  factory  keeps 
out  the  air.  Not  so  many  of  the  vi- 
tamins are  destroyed.  The  juice  is 
kept  with  the  vegetables  or  fruits, 
and  this  has  vitamins,  too.  A very 
healthful  fruit  drink  can  be  made 
from  the  extra  juices  in  cans  of  fruit. 

Most  of  the  milk  you  drink  has  been 
pasteurized.  This  means  that  the  milk 
was  heated  to  145°  F.  and  kept  at 
that  temperature  for  half  an  hour. 
Scientists  have  found  that  this  kills 
the  germs  that  may  be  in  the  milk. 
This  heat  destroys  some  of  the  vita- 
mins. But  eating  other  foods  makes 
up  for  this.  It  is  much  safer  to  use 
pasteurized  milk  and  get  your  vita- 
mins from  other  foods. 

In  winter,  you  want  to  eat  more 
hot,  cooked  foods.  In  summer  when 
it  is  very  hot,  you  do  not  need  so 


KEEPING  VEGETABLES 
NEAR  HEAT 


KEEPING  VEGETABLES 
COOL 


COOKING  VEGETABLES 
IN  UNCOVERED  PANS 


COOKING  VEGETABLES 
IN  COVERED  PANS 


PEELING  POTATOES 


COOKING  POTATOES 
WITH  SKINS  ON 
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The  girl  in  the  picture  is  going  to  help  her  mother  pack  her  lunch  for  school.  What 
things  could  she  put  in  her  lunch  to  give  her  the  proper  foods? 


much  hot  food  unless  you  are  doing  appetite.  Setting  the  table  neatly  and 
very  hard  work.  Lighter,  cooler  foods  attractively  always  makes  the  food 

look  better  to  you  and  satisfy  your  look  better  and  taste  better,  too. 


1.  What  are  three  reasons  for  cooking  food? 

2.  Look  at  each  pair  of  pictures  on  pages  200  and  201.  Which  one  in 

each  pair  shows  the  correct  way  of  preparing  or  cooking  food? 
Explain  your  answer. 

3.  Why  is  milk  pasteurized?  How  is  this  done? 

- QUESTIONS  TO  ANSWER 


1.  Why  are  canned  foods  sometimes 
better  than  fresh  foods? 

2.  How  can  the  things  you  learned 
in  this  unit  help  you? 

3.  Why  are  experiments  with  the 
food  of  animals  important  to  you? 


4.  This  unit  is  called  “Why  do  you 
need  food?”  Give  your  answer  to  this 
question. 

5.  Why  do  farmers  who  raise  cows, 
sheep,  chickens,  and  other  animals 
need  to  know  about  foods? 
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THINGS  TO  DO 


1.  Newspapers  and  magazines  often 
give  plans  for  meals.  Look  at  the  meals 
to  see  if  they  are  healthful.  Cut  out  the 
best  plans  and  make  a book  of  plans 
for  healthful  meals. 

2.  Make  a large  basic-seven  chart 
and  hang  it  in  your  schoolroom. 

3.  Study  the  list  you  have  made 
of  the  foods  that  you  have  eaten.  Try 
to  decide  what  you  can  do  to  improve 
your  meals. 

4.  Find  out  more  about  experiments 
with  animals  and  foods. 


5.  Think  of  some  experiments  to 
show  that  fruits  and  vegetables  contain 
a large  amount  of  water. 

6.  Ask  your  school  nurse  or  a doctor 
to  talk  to  your  class  about  foods  and 
good  eating  habits. 

7.  Explain  why  doctors  are  inter- 
ested in  getting  people  to  eat  the 
proper  foods. 

8.  Make  a collection  of  different 
kinds  of  empty  cereal  boxes.  Read  the 
labels  and  talk  about  the  information 
given  about  each  cereal. 
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* In  Unit  Eight  You  Will  Learn  * 

* How  roots  help  plants  get  food  materials  * 

* How  water  and  air  g$t  into  the  leaves  * How  a green  leaf  makes  food  * 
* What  becomes  of  the  food  made  by  a green  leaf  * 

* How  plants  that  are  not  green  get  food  * 


Where  Does  All  the  Food  of 
the  World  Come  From? 


Where  does  all  the  food  of  the 
world  come  from?  Perhaps  that 
question  is  too  hard  for  you  to  answer. 
Very  well.  Try  answering  this  ques- 
tion. Where  does  all  the  food  you 
eat  come  from?  Perhaps  your  answer 
would  be  “From  the  grocery  store 
and  meat  market.”  Or  if  you  thought 
more  carefully,  you  might  say,  “It 
comes  from  animals  and  plants.”  That 
would  be  a good  answer,  but  it  would 
not  be  the  whole  answer. 

Suppose  you  think  of  all  the  kinds 
of  animals  you  use  for  food — cows, 
sheep,  pigs,  chickens,  turkeys,  ducks, 
and  fish.  What  do  they  use  for  food? 
Perhaps  you  say  that  turkeys  and 
chickens  eat  insects,  such  as  grass- 
hoppers and  crickets,  as  well  as  grain. 
And  you  may  say  that  big  fish  eat 
little  fish  and  frogs.  That  is  true.  But 
what  do  grasshoppers  and  crickets 
use  for  food?  And  what  do  little  fish 
and  frogs  use  for  food? 


Have  you  begun  to  guess  where  all 
the  food  comes  from?  In  Unit  Sev- 
en, you  learned  about  carbohydrates, 
fats,  proteins,  and  minerals.  You 
learned  why  your  body  needs  them. 
If  it  were  not  for  green  plants,  you 
could  not  get  these  carbohydrates, 
fats,  and  proteins.  Green  plants 
make  these  foods,  and  we  eat  them 
when  we  eat  the  plants  or  the  parts 
of  plants.  Green  plants  make  these 
foods,  and  the  animals  we  use  for 
food  eat  the  plants  or  eat  other 
animals  that  eat  the  plants.  Plants  do 
not  make  minerals.  But  they  take 
minerals  from  the  soil  and  change 
them  so  that  we  can  eat  them.  You 
know  that  the  green  plants  are  not 
making  the  food  just  for  us.  They 
are  making  it  for  themselves.  It  is 
their  food  as  well  as  ours. 

When  you  look  at  a green  plant, 
you  are  looking  at  one  of  the  world’s 
food  factories.  Strange  and  wonderful 


205 


things  are  going  on  inside  the  green  tists  cannot  do.  Let  us  look  carefully 

leaves  of  the  plant.  It  is  doing  some-  at  a green  plant.  Then  we  can  find 

thing  that  the  world’s  greatest  scien-  out  how  it  gets  materials  to  make  food. 


How  do  roots  help  plants  get  food  materials? 


If  you  just  look  at  a green  plant 
growing  in  the  ground,  you  can  see 
that  there  are  only  two  places  where 
that  plant  can  get  the  materials  it 


needs  for  making  food.  One  place  is 
the  soil.  The  other  place  is  the  air. 
But  plants  cannot  use  soil  and  air  for 
food  any  more  than  you  can.  They 
must  take  materials  from  the  soil  and 
from  the  air  and  make  food  out  of 
them.  If  we  want  to  discover  how 
green  plants  do  this,  we  have  to  study 
what  their  parts  are  and  how  they  are 
put  together. 

Let  us  start  our  study  of  green 
plants  by  looking  carefully  at  the 
roots.  If  you  can,  go  out  into  a field  or 
a vacant  lot  and  dig  up  different  kinds 
of  plants.  Do  not  try  to  pull  them  out. 
Take  up  plenty  of  soil  with  them  and 
then  wash  the  soil  off  so  that  you  will 
not  break  the  roots.  Look  carefully 
at  the  different  roots.  Are  they  all 
alike? 

If  you  dug  up  several  different 
kinds  of  plants,  you  probably  found 
that  the  roots  of  the  plants  were  not 
all  alike.  Some  plants  have  one 
main  root  with  several  smaller  roots 
branching  out  from  it.  The  picture 
on  this  page  shows  some  sugar  beets. 
Do  you  see  the  large  main  root  with 
the  smaller  ones  branching  from  it? 
Carrots,  beets,  and  radishes  have  roots 
like  this.  Some  other  plants  have  no 
main  root.  They  have  smaller  roots 
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like  branches  that  spread  out  in  every 
direction.  If  you  dug  up  some  grass, 
you  found  roots  of  this  kind. 

You  already  know  that  plants  must 
have  water  to  stay  alive.  You  also 
know  that  they  get  this  water  from 
the  soil  through  their  roots.  But  do 
you  know  just  how  the  water  gets 
into  the  roots? 

The  large  roots  of  a plant  do  not 
take  in  the  water.  The  smaller  roots 
that  branch  off  from  them  do  not  take 
in  water,  either.  But  on  these  smaller 
roots  there  are  very  tiny  parts  as  small 
as  hairs.  They  are  called  root  hairs. 
There  are  hundreds  of  these  root  hairs 
on  one  small  root.  They  take  in  water 
for  the  plant.  The  outside  of  a root 
hair  has  a very  thin  covering.  Water 
from  the  soil  goes  into  the  root  hairs 

The  roots  of  a corn  plant  are  like  grass 


through  this  thin  covering.  From 
the  root  hairs  the  water  goes  into  the 
root  and  then  into  the  rest  of  the 
plant. 

If  you  want  to  see  how  root  hairs 
look,  you  can  easily  grow  some.  Put 
a dozen  lima  beans  or  several  radish 
seeds  on  some  moist  blotting  paper  in 
a shallow  dish.  Do  not  cover  the  seeds 
with  water  but  just  keep  the  blotting 
paper  moist.  Keep  the  dish  covered 
with  glass  so  that  the  seeds  will  stay 
damp. 

After  the  seeds  have  sprouted,  take 
a magnifying  glass  and  look  at  one 
of  the  roots.  You  will  be  able  to  see 
many  tiny  root  hairs.  Sometimes  you 
can  see  them  without  a magnifying 
glass,  because  there  are  so  many  of 
them.  The  picture  on  page  208  shows 

>ots.  They  spread  out  in  all  directions. 
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how  these  root  hairs  look.  Once  when 
some  boys  and  girls  saw  the  fuzzy 
root  hairs  on  seeds  that  they  had 
sprouted,  they  thought  the  plants 
were  moldy  and  threw  them  away! 
They  did  not  know  that  the  fuzz 
that  looked  like  mold  was  really 
thousands  of  root  hairs. 


When  water  from  the  soil  goes  into 
the  root  hairs  of  a plant,  some  very 
important  materials  enter  with  the 
water.  They  are  minerals  from  the 
soil.  You  know  the  names  of  some  of 
the  elements  in  these  minerals  found 
in  the  soil.  You  have  experimented 
with  the  elements  iron  and  sulphur, 
and  you  know  about  calcium  and 
phosphorus.  You  know  that  we  need 
these  elements  in  our  foods.  Now  you 
know  how  they  get  into  our  foods 
from  the  soil. 

Of  course,  the  iron  and  other  ele- 
ments that  the  water  gets  from  the 
soil  are  not  in  lumps  like  iron  or  sul- 
phur you  have  seen.  The  elements  are 
combined  with  other  elements  to  form 
compounds  that  are  minerals.  These 
minerals  are  solids.  They  cannot  get 
into  the  root  hairs  until  they  dissolve. 
Only  those  minerals  that  will  dissolve 
in  water  can  get  into  the  root  hairs. 
These  minerals  dissolve  in  the  water 
that  soaks  into  the  ground  when  rain 
falls  or  snow  melts. 

All  water  in  the  ground  has  some 
kinds  of  minerals  in  it.  Minerals  are 
almost  everywhere  in  the  soil.  They 
are  some  of  the  materials  that  a green 
plant  needs  for  making  food. 


1 . Why  must  minerals  dissolve  in  water  before  a plant  can  use  them? 

2.  What  parts  of  a root  take  in  water? 

3.  What  will  happen  if  you  cut  off  the  root  hairs  of  a plant?  Try  an 

experiment  to  see  if  your  answer  is  right 
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How  do  water  and  air  get  into  the  leaves? 


After  the  water  with  its  load  of 
_ dissolved  minerals  soaks  into  the 
root  hairs  of  the  plant,  it  must  get  up 
to  the  leaves  before  it  can  be  used  to 
make  food.  How  do  you  suppose  the 
water  gets  to  the  leaves?  An  easy  way 
to  find  out  is  to  try  this  experiment. 
Get  a stalk  of  celery  with  several 
leaves  on  it.  Cut  off  about  an  inch  of 
the  bottom  of  the  stalk.  Fill  a glass 
with  water  and  add  some  red  ink  to 
the  water  to  color  it.  Put  the  celery 
in  the  glass  of  colored  water  and  set 
the  glass  on  a window  sill  where  it  will 
be  in  the  sunlight.  After  a few  hours, 
look  at  the  celery. 

You  will  see  that  the  red  liquid  has 
traveled  up  through  tiny  tubes  in  the 
stem  and  has  gone  into  the  leaves.  If 
you  break  the  stalk  of  celery,  you  can 
quickly  find  the  tubes.  They  will  be 
colored  red  by  the  ink  in  the  water. 
You  can  easily  take  out  one  of  these 
tubes  and  look  at  it.  Or  cut  across  the 
stem.  If  you  can  see  the  groups  of 
red  tubes,  they  will  look  like  the  pic- 
ture on  this  page.  Hoots,  trunks,  and 
branches  of  trees  and  shrubs  have 
tubes  that  carry  water. 

Now  look  at  the  leaves  of  the  celery 
stalk  that  you  put  in  the  colored 
water.  In  what  part  of  the  leaves  do 
you  find  the  colored  water?  These 
colored  places  are  the  veins  of  a leaf. 
The  tubes  that  carry  water  are  in 
the  veins. 


What  are  the  “strings”  that  you  often  find 
when  you  eat  a piece  of  celery? 


The  water  that  has  come  up  from 
the  soil  through  the  tubes  in  the  stem 
travels  through  the  veins  of  a leaf. 
On  page  210  is  a picture  of  a leaf  that 
shows  the  veins.  Do  you  see  that  they 
are  in  almost  all  parts  of  the  leaf? 

Now  you  have  learned  how  water 
and  the  minerals  dissolved  in  it  get 
to  the  leaves  of  plants.  Before  you 
can  understand  how  a plant  makes 
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food,  you  will  need  to  know  some 
things  about  the  parts  of  a leaf. 

Plants  need  water  and  minerals  to 
make  food.  They  also  need  one  of  the 
gases  in  the  air.  People  never  really 
understood  how  air  gets  into  a plant 
until  they  began  to  use  microscopes. 
Then  they  could  see  how  leaves  are 
made.  They  found  tiny  openings  on 
the  undersides  of  the  leaves,  and  they 
discovered  that  plants  get  air  through 
these  openings.  These  openings  are 
really  little  doorways  to  let  air  come 
into  the  leaf.  Study  the  picture  on 
this  page  to  see  what  the  tiny  open- 
ings look  like.  The  picture  on  the  left 
shows  part  of  the  surface  of  a leaf 
magnified  thousands  of  times. 

If  you  can  look  at  a leaf  under  a 
powerful  microscope,  you  will  see 
hundreds  of  tiny  green  dots  scattered 


through  the  leaf.  They  make  the  leaf 
green.  The  green  material  in  them 
is  called  chlorophyll.  You  cannot  see 
these  little  dots  of  chlorophyll  except 
with  a microscope.  They  are  very 
small,  but  they  are  very  important. 
No  plant  can  make  food  unless  it  has 
chlorophyll  in  it.  You  may  see  some 
fungi  that  are  green,  but  they  do  not 
have  chlorophyll.  They  cannot  make 
food.  When  we  talk  about  green 
plants  in  this  book,  we  mean  only 
plants  that  have  chlorophyll. 

You  have  now  found  out  five  im- 
portant things  to  help  you  understand 
how  green  plants  make  food. 

1.  The  materials  that  plants  need 
to  make  food  are  water,  minerals,  and 
one  of  the  gases  in  air. 

2.  Minerals  dissolved  in  water  get 
into  the  plant  through  the  root  hairs. 
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3.  The  water  and  minerals  go  to 
each  leaf  through  tubes  in  the  roots 
and  stems.  They  go  to  all  parts  of 
the  leaf  through  tubes  in  the  veins. 


4.  Air  gets  into  the  leaf  through 
tiny  openings  in  the  leaf. 

5.  To  make  food,  plants  must  have 
a green  material  called  chlorophyll. 


1.  What  materials  are  needed  by  a green  plant  to  make  food?  Where 

does  each  of  these  materials  come  from? 

2.  How  does  water  get  from  the  soil  to  a leaf  of  a green  plant? 

3.  How  does  a green  plant  get  the  air  it  needs  to  make  food? 

4.  Why  was  not  all  the  celery  stem  colored  by  the  red  liquid? 

5.  What  is  one  important  use  of  a plant  stem? 

6.  Florists  sometimes  sell  green  carnations.  How  do  you  suppose 

they  make  the  white  flowers  green? 


How  does  a green  leaf  make  food? 


Now  suppose  that  you  could  look 
inside  a green  leaf  and  could  see 
what  happens  there  as  food  is  made. 
How  does  the  plant  make  the  carbo- 
hydrates, fats,  and  proteins  that  your 
body  needs?  The  first  food  the  green 
plant  makes  is  sugar.  From  the  sugar, 
the  plant  makes  other  kinds  of  food. 
It  may  seem  strange  to  you  that  the 
sugar  that  is  in  your  sugar  bowl  at 
home  was  once  inside  a leaf.  But  it 
was.  When  it  was  in  the  leaf,  it  looked 
quite  different  from  the  sugar  that 
you  eat. 

You  have  eaten  sugar  made  from 
a plant  called  sugar  cane.  You  prob- 
ably have  eaten  sugar  from  sugar 
beets,  too.  Have  you  eaten  sugar 
from  maple  trees?  Of  course,  you 
know  that  there  is  no  sugar  in  the 


soil.  And  there  is  no  sugar  in  the  air. 
The  green  leaf  made  the  sugar  out  of 
materials  from  the  soil  and  the  air.  In 
the  experiment  on  page  130,  you 
heated  sugar  to  separate  it  into  the 
materials  that  it  is  made  of.  You  found 
that  sugar  is  a compound.  Plants  can 
make  a compound  by  putting  these 
materials  from  the  soil  and  air  to- 
gether to  make  sugar,  starch,  and 
other  kinds  of  foods. 

Now  let  us  learn  a little  about  how 
a green  leaf  puts  materials  together 
to  make  food.  Water  with  its  load  of 
minerals  comes  up  from  the  roots, 
through  the  stems,  and  into  the  veins 
of  the  leaf.  Air  comes  in  through  the 
tiny  openings  in  the  leaf.  One  more 
thing  is  needed  before  the  leaf  can 
begin  making  food.  Can  you  tell  what 
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The  hean  plant  on  the  left  was  grown  in  the  light  for  ten  days.  The  one  on  the  right 
was  grown  for  ten  days  in  the  dark. 


it  is?  Try  this  experiment  to  see  if 
you  can  find  out.  Follow  the  direc- 
tions carefully. 

Get  two  plants  that  are  about  the 
same  size.  Put  one  on  a window  sill 
where  the  sun  can  shine  on  it.  Put 
the  other  one  in  a dark  closet  or  any 
dark  place.  Water  both  plants  every 
day.  Be  sure  that  the  one  in  the  dark 
has  plenty  of  air,  just  as  the  one  on 
the  window  sill  has.  Why  do  you  think 
this  is  important? 

After  a week  has  passed,  bring  out 
the  plant  that  has  been  in  the  dark. 
Do  the  two  plants  still  look  alike? 
Are  the  leaves  green  on  one  plant  but 
yellow  on  the  other?  Why  does  the 
plant  that  has  been  on  the  window 
sill  look  better  than  the  other  one? 
Is  it  because  it  had  more  water  and 
air?  What  did  the  plant  on  the  win- 
dow sill  get  that  the  plant  in  the 
closet  did  not  get? 


If  you  did  the  experiment  carefully, 
you  found  that  growing  plants  need 
sunlight.  Plants  cannot  make  chloro- 
phyll without  sunlight.  And  without 
chlorophyll,  plants  cannot  make  food. 

But  you  have  not  yet  found  out 
what  happens  to  the  water  and  the 
air  in  the  leaf.  Let  us  see  what  hap- 
pens. You  know  that  air  is  a mixture 
of  gases.  One  of  these  gases  is  carbon 
dioxide.  The  green  leaf  takes  carbon 
dioxide  from  the  air,  puts  it  together 
with  water  from  the  soil,  and  makes 
sugar.  This  is  a chemical  change. 

If  you  put  water  and  carbon  di- 
oxide together,  you  would  get  a mix- 
ture— soda  water.  But  a green  leaf 
makes  a compound — sugar.  It  puts 
water  and  carbon  dioxide  together 
and  makes  a different  material.  The 
sugar  is  not  like  either  water  or 
carbon  dioxide.  A chemical  change 
takes  place  in  the  green  leaf. 
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The  chemical  change  takes  place  in 
the  cells  of  the  leaf.  The  picture  on 
this  page  shows  you  what  cells  are. 
It  shows  how  part  of  a leaf  looks  un- 
der a microscope.  You  can  see  that 
the  leaf  is  made  up  of  many  tiny  box- 
like parts.  These  are  the  cells.  The 
veins  bring  water  and  dissolved  min- 
erals to  these  cells.  The  openings  in 
the  leaves  bring  air  to  them.  The  chlo- 
rophyll is  in  these  cells.  The  food  is 
made  in  the  cells. 

Do  you  see  now  where  the  black 
carbon  came  from  when  you  heated 
sugar?  It  was  part  of  the  carbon  di- 
oxide that  the  plant  took  from  the  air. 
A chemical  change  took  place,  and 
a compound  was  made  inside  the  leaf. 

This  chemical  change  cannot  hap- 
pen without  sunlight.  Green  plants 
cannot  make  food  at  night,  and  they 


cannot  make  it  in  dark  caves  in  the 
earth.  Deep  down  in  lakes,  oceans, 
and  rivers,  there  are  no  green  plants, 
because  sunlight  cannot  go  far  down 
into  the  water.  This  chemical  change 
cannot  happen  without  the  green- 
colored  chlorophyll,  either.  Plants 
like  mushrooms,  puffballs,  molds,  and 
yeasts  cannot  make  food.  They  cannot 
put  water  and  carbon  dioxide  to- 
gether to  make  sugar  because  they 
do  not  have  any  chlorophyll  in  them. 

Scientists  have  studied  the  green 
plants  for  many  years,  but  they  still 
do  not  know  just  how  a green  plant 
makes  food.  They  know  that  a plant 
needs  air,  water,  minerals,  chloro- 
phyll, and  sunshine.  But  scientists  do 
not  know  exactly  how  the  food  is 
made.  They  know  that  sugar  is  made 
by  the  plant,  because  they  can  show 


If  you  could  cut  a very  thin  slice  down  through  a leaf  and  look  at  it  under  the  micro- 
scope, you  would  see  the  cells  and  see  where  the  chlorophyll  is. 
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that  leaves  and  other  parts  of  plants  starch  are  carbohydrates.  Plants  make 
have  sugar  in  them.  They  also  know  fat  and  protein,  too.  Scientists  do  not 

that  plants  make  starch.  Sugar  and  know  how  the  plants  do  this. 


1.  What  is  happening  in  the  green  leaves  you  see? 

2.  Of  what  use  is  each  of  these  in  making  food  in  a green  leaf? 

Water  Sunlight  Veins  Tubes  in  the  stem  Air 

3.  How  do  you  know  that  the  making  of  sugar  by  a green  plant  is 

a chemical  change? 

4.  Why  does  the  grass  under  a board  get  yellow? 

5.  In  Unit  One  find  a picture  of  a plant  that  cannot  make  its  food . 

Why  can  it  not  make  food? 

What  becomes  of  the  food  made  by  a green  leaf? 

You  know  what  becomes  of  some 
of  the  food  the  green  plant  makes. 
You  eat  it.  But  before  you  eat  it,  what 
does  the  plant  do  with  it? 

The  carbohydrates,  fats,  and  pro- 
teins made  by  the  green  plant  are  used 
by  the  plant  in  much  the  same  way 
your  body  uses  food.  The  food  you  eat 
is  carried  to  every  part  of  your  body 
by  the  blood.  In  much  the  same  way, 
the  sap  carries  materials  up  and  down 
in  plants.  You  know  that  tubes  carry 
sap,  made  of  water  and  dissolved  min- 
erals, up  to  the  leaves.  The  red  lines 
in  the  picture  on  the  next  page  show 
these  tubes.  Other  tubes  carry  sap 
with  food  in  it  down  from  the  leaves 
to  all  parts  of  the  plant.  The  blue 
lines  in  the  picture  show  these  tubes. 

Sap  goes  to  every  part  of  the  plant. 
It  goes  to  the  stems,  branches,  roots, 
buds,  flowers,  and  seeds.  Some  of  the 


When  we  collect  sap  from  maple  trees,  we 
get  the  sugar  that  was  made  in  the  leaves 
and  stored  in  the  plants  all  winter. 
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food  in  the  sap  is  used  to  make  the 
plant  grow.  The  stems  and  roots  get 
longer  and  thicker,  just  as  you  put  on 
more  flesh  and  your  bones  get  bigger. 
The  buds  get  larger  and  make  new 
leaves  and  flowers.  Every  part  of  the 
plant  must  have  food  or  it  cannot 
grow. 

Not  all  of  the  food  that  a plant 
makes  is  used  while  the  plant  is  grow- 
ing. Much  of  the  food  is  stored  in  the 
plant.  The  tubes  carry  food  to  the 
roots,  and  some  of  it  is  stored  there. 
If  much  food  is  stored  in  the  roots, 
they  become  very  large.  Carrots, 
beets,  radishes,  sweet  potatoes,  and 
parsnips  have  big  roots  full  of  stored 
food. 

Some  of  the  food  is  stored  in  seeds. 
The  food  that  is  in  bean  and  corn 
seeds  was  made  in  the  leaves  of  the 
plant  and  was  carried  to  the  seeds. 
So  was  the  food  in  wheat  and  other 
grains.  All  seeds  have  food  stored  in 
them.  When  we  eat  seeds,  we  eat  this 
stored  food.  When  we  eat  peas,  corn, 
beans,  and  nuts,  we  are  eating  food 
that  was  made  in  leaves  and  stored  in 
seeds.  When  we  eat  carrots,  turnips, 
beets,  and  radishes,  we  are  eating 
food  that  was  stored  in  the  roots. 
When  we  eat  celery  and  asparagus,  we 
are  eating  food  that  was  stored  in  the 
stems.  When  we  eat  lettuce  and  cab- 
bage, we  are  eating  food  that  was 
stored  in  the  leaves.  Cows,  horses, 
sheep,  pigs,  chickens,  and  other  ani- 
mals eat  the  stored  food  in  plants,  too. 


But  the  plants  also  use  this  stored 
food  for  themselves.  Many  kinds  of 
trees  lose  their  leaves  in  the  fall,  but 
the  trees  are  not  dead.  Food  has  been 
stored  in  their  roots,  trunks,  and 
branches.  The  stems  and  leaves  of 
many  plants  die  during  the  winter. 
But  their  roots  are  in  the  soil  and 
do  not  freeze.  In  the  spring,  the 
stored  food  in  the  roots  is  used.  New 
stems  and  leaves  begin  to  grow. 
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Many  green  plants  store  food  in  bulbs 
and  use  it  in  the  spring  to  grow. 
Lilies,  daffodils,  hyacinths,  and  tulips 
have  bulbs,  which  are  big  store- 
houses for  food. 

Food  stored  in  the  seeds  of  plants 
is  used  by  the  seeds  when  they  begin 
to  grow.  A seed  is  just  a tiny  plant 
with  food  and  a covering  around  it. 
When  the  lima  beans  or  radish  seeds 
sprouted  and  showed  their  root  hairs, 
you  probably  noticed  that  as  each  lit- 
tle plant  grew  larger,  the  seed  became 
smaller.  It  became  smaller  because 
the  food  inside  the  seed  was  being 
used  up  by  the  young  growing  plant. 

You  have  been  learning  about  how 
a green  plant  makes  food.  The  ma- 


terials come  into  the  plant  through 
the  root  hairs  and  the  leaves.  The 
chlorophyll  goes  to  work  on  these 
materials.  The  sun  shining  on  the 
chlorophyll  supplies  the  energy  to 
make  the  chlorophyll  do  its  work.  The 
energy  from  the  sun  is  changed  to 
another  form  and  stored  in  the  food. 

Without  green  plants  you  could 
not  have  anything  to  eat  for  your  sup- 
per tonight.  Do  you  see  why?  Sup- 
pose you  were  going  to  have  roast 
lamb,  potatoes,  lima  beans,  lettuce 
and  tomato  salad,  bread  and  butter, 
jelly,  milk,  and  cake.  Can  you  tell 
why  each  of  these  foods  actually  could 
not  be  on  your  table  if  green  plants 
had  not  made  food? 


1.  A lion  does  not  eat  plants.  It  eats  other  animals.  Does  the  lion 

depend  on  green  plants  for  its  food?  Explain  your  answer. 

2.  What  parts  of  plants  have  you  eaten  this  week  that  had  food 

stored  in  them? 

3.  How  does  food  get  from  a green  leaf  to  the  stems,  roots,  huds, 

flowers,  and  seeds? 

4.  How  does  our  supply  of  milk,  meat,  leather,  and  wood  come  from 

the  food  that  was  once  in  a plant? 

5.  What  are  two  uses  of  the  food  stored  in  seeds? 


How  do  plants  that  are  not  green  get  food? 


ON  page  24  you  read  that  green 
plants  sometimes  help  other 
plants  by  supplying  them  with  food. 
Mushrooms,  puffballs,  and  other  fungi 
like  the  ones  in  the  pictures  on  page 


28  use  other  plants  for  food.  These 
plants  that  are  not  green  cannot 
change  water  and  carbon  dioxide  into 
sugar  and  starch.  They  do  not  have 
the  green  chlorophyll  that  makes  the 
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The  picture  on  the  left  shows  what  will  probably  grow  on  the  pieces  of  moist  bread. 
The  other  picture  shows  you  what  bread  mold  looks  like  when  you  see  it  under  the 
microscope.  The  little  black  balls  contain  the  spores  of  the  bread  mold. 


chemical  change  take  place.  So  they 
have  to  use  food  that  green  plants 
have  made. 

You  read  about  fungi  in  Unit  One. 
Now  suppose  you  grow  some  fungi. 
Bread  mold  is  a fungus.  It  has  no  chlo- 
rophyll. Moisten  a piece  of  bread,  lay 
it  in  a dish,  and  shake  a dusty  cloth 
over  the  bread.  Then  cover  the  bread 
with  another  dish  and  leave  it  in  a 
warm  place  for  a few  days.  What  do 
you  see? 

Look  at' the  mold  carefully.  If  you 
can  see  it  under  a microscope,  it 
will  look  like  the  picture  on  this 
page.  The  bread  mold  sends  little 
threads  down  into  the  bread.  These 
threads  are  not  roots.  The  threads 


soak  up  the  food  in  the  bread. 
This  food  was  made  by  green  wheat 
plants  that  grew  in  the  soil,  the  air, 
and  the  sunshine.  The  food  was 
stored  in  the  seeds,  or  wheat  grains. 
The  grains  were  made  into  flour,  and 
then  the  flour  was  made  into  bread. 
Mold  will  also  grow  on  damp  leather, 
meat,  jelly,  or  almost  any  kind  of 
food.  Mold  will  even  grow  on  live 
green  plants  and  take  in  food  that 
the  plants  are  making. 

If  you  have  seen  puffballs  and 
other  mushrooms  growing  in  the  soil, 
you  know  they  are  not  green.  They 
are  growing  up  out  of  the  soil,  but 
they  are  not  taking  minerals  from  the 
soil  and  carbon  dioxide  from  the  air. 
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If  you  are  ever  walking  in  a damp,  shady  woods  in  the  summer,  you  may  find  some  of 
these  strange  white  plants.  They  are  called  Indian  pipes.  As  you  can  see,  they  have  no 
chlorophyll.  They  get  their  food  from  the  decayed  materials  in  the  soil. 


They  are  just  soaking  in  food  from 
the  bodies  of  plants  and  animals  that 
have  died  and  fallen  to  the  ground. 
These  bodies  have  decayed  and  be- 
come mixed  with  the  soil.  The  sugar, 
starch,  fat,  and  proteins  that  were  in 
them  went  into  the  soil.  Mushrooms 
and  other  plants  that  are  not  green 


just  take  in  those  {^bds  that  have  al- 
ready been  made  by  green  plants. 

You  almost  never  see  mushrooms, 
puffballs,  or  other  fungi  growing  on 
sandy  beaches.  They  grow  in  fields 
and  forests  where  there  are  plenty  of 
plants  and  animals  to  die  and  become 
mixed  with  the  soil. 


1 . Make  a list  of  different  things  on  which  you  have  seen  mold 

plants  growing. 

2 . When  mold  grows  on  foods,  the  foods  decay.  Is  decaying  a chem- 

ical change?  How  can  you  tell? 

3.  Tell  why  mushrooms  cannot  make  their  own  food.  Then  explain 

how  the  foods  they  use  were  really  made  in  green  leaves. 
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QUESTIONS 

1.  If  you  sprinkled  water  on  the 
leaf  of  a plant,  would  the  plant  be  able 
to  use  the  water  to  make  food?  Why? 

2.  When  plants  are  moved  from  one 
place  to  another,  why  should  you  be 
very  careful  not  to  damage  the  roots? 

3.  Why  would  we  have  no  food  if 
the  sun  did  not  supply  energy? 


— THINGS 

1.  Sprout  some  different  kinds  of 
seeds  on  moist  blotting  paper  and  look 
for  the  root  hairs. 

2.  Place  the  stems  of  different  kinds 
of  white  flowers  in  colored  water. 
Watch  to  see  what  happens.  Find  the 
tubes  in  the  stems,  leaves,  and  flowers. 

3.  Make  a collection  of  plants  that 
do  not  have  chlorophyll. 


TO  ANSWER — 

4.  Explain  as  carefully  as  you  can 
how  a plant  makes  food. 

5.  How  do  you  think  coal,  oil,  gas, 
and  wood  get  the  energy  that  is  stored 
in  them? 

6.  Should  a tree  be  watered  close  to 
the  trunk  or  several  feet  away  from  the 
trunk?  Explain  your  answer. 


TO  DO — 

4.  Bring  samples  of  different  mate- 
rials on  which  mold  is  growing.  Look 
at  the  mold  with  a magnifying  glass. 

5.  Look  at  the  branches  of  bushes, 
trees,  and  house  plants  to  see  how  the 
leaves  are  placed  so  that  each  leaf  will 
get  plenty  of  sun.  Draw  a picture  to 
show  how  the  leaves  grow. 

6.  Find  out  what  a taproot  is. 
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* In  Unit  Nine  You  Will  Learn  * 

* How  you  can  plan  a garden  * How  we  get  the  soil  ready  for  planting  * 
* How  we  plant  a garden  * How  we  take  care  of  growing  plants  * 

* How  plants  are  protected  from  their  enemies  * 


How  Can  You  Make  a Garden? 


u tt  will  soon  be  time  to  start  our 
1 garden,”  said  Mr.  Bates  to  his 
family  one  morning  in  early  spring. 

“You’re  joking,”  said  Betty.  “It’s 
still  cold  outdoors.” 

“And  the  weatherman  says  we  are 
going  to  have  cold  rain  changing  to 
snow,”  added  Bill. 

“I  don’t  mean  digging  in  the 
ground  and  planting  seeds,”  ex- 
plained their  father.  “There’s  more 
to  gardening  than  that.  Before  we 
plant  anything,  we  ought  to  plan  our 
garden.  We  should  decide  what  things 
we  are  going  to  grow,  where  we  are 
going  to  plant  them,  and  how  much 
we  want  of  each  thing.” 

“Oh,  I’d  love  to  have  a big  flower 
garden,”  Betty  said.  “Then  I could 
pick  all  the  flowers  I wanted.” 

Bill  frowned.  “Flowers  are  all 
right,  I guess.  But  you  can’t  eat  them. 
I want  to  grow  a lot  of  carrots  and 
radishes  and  corn  and  beans.” 

“Now  just  a minute,  children,” 
laughed  their  mother.  “We  can 
have  a flower  garden  and  a vege- 
table garden,  too.  Let’s  look  through 
these  seed  catalogues  and  pick  out 
the  things  we  want.” 


“I  think  we  ought  to  read  a book 
about  gardening,  too,”  Mr.  Bates  said. 
“I  brought  one  home  the  other  day. 
We  can  read  it  together.” 

In  the  gardening  book,  they  found 
a list  of  rules  to  follow.  They  were 
called  Guides  for  Good  Gardening. 
Here  they  are. 

GUIDES  FOR  GOOD  GARDENING 

1.  Do  not  start  a bigger  garden  than 

you  can  finish. 

2.  Do  not  plant  too  much  of  one 

thing. 

3.  Do  not  waste  good  seed  on  bad 

soil. 

4.  Do  not  use  too  much  seed. 

5.  Do  not  let  the  weed  crop  win. 

6.  Do  not  let  the  insects  eat  your 

garden. 

You  can  probably  give  some  rea- 
sons for  each  of  these  rules  right  now. 
But  as  you  study  this  unit,  you  will 
learn  more  about  why  they  are  good 
rules  to  follow.  Perhaps  you  will 
want  to  copy  them  on  a big  piece  of 
paper  and  hang  them  up  in  your 
room  at  home  or  at  school. 
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How  can  you  plan  a garden? 


Do  you  want  to  have  a garden 
this  spring?  If  you  cannot  have 
one  at  home,  perhaps  you  can  have 
one  at  school.  You  will  find  that  gar- 
dening is  a lot  of  fun.  But  you  will 
enjoy  your  garden  more  if  you  can 
be  proud  of  it.  To  have  a good  garden, 
you  must  think  as  well  as  work.  You 
must  plan  your  garden  carefully.  So 
start  planning  it  early. 

Are  you  going  to  have  a vegetable 
garden  or  a flower  garden  or  both? 
What  kinds  of  vegetables  or  flowers 
do  you  want?  How  big  will  your  gar- 
den be?  Where  will  you  have  it?  You 
should  be  able  to  answer  all  these 
questions  before  you  plant  anything. 

The  rule  about  not  starting  a bigger 
garden  than  you  can  finish  is  very 


important.  If  you  have  never  made 
a garden  before,  start  with  a small 
one.  You  will  probably  be  surprised 
at  how  much  work  you  must  do  to 
take  care  of  even  a small  garden.  A 
good  size  to  begin  with  is  a garden 
ten  or  twelve  feet  long  and  four  or 
five  feet  wide. 

You  should  also  follow  the  rule 
about  not  planting  too  much  of  one 
thing.  When  Mr.  Bates  read  this  rule 
to  his  family,  he  laughed. 

‘What’s  funny  about  that?”  asked 
Betty. 

“Well,”  said  her  father,  “I  was  just 
thinking  of  the  first  garden  I ever 
had.  I planted  four  long  rows  of  rad- 
ishes. When  they  were  ready  to  eat, 
we  had  so  many  radishes  we  didn’t 
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know  what  to  do  with  them.  We  had 
radishes  for  lunch  and  radishes  for 
supper.  We  gave  them  away  to  our 
neighbors.  I even  tried  to  sell  them, 
but  everyone  else  must  have  planted 
a lot  of  radishes,  too.  So  let’s  be  care- 
ful not  to  plant  too  much  of  one  thing 
in  our  garden.” 

You  know  that  green  plants  must 
have  sunlight,  air,  and  water  to  make 
their  food.  Keep  this  in  mind  when 
you  pick  out  a spot  for  your  garden. 
If  you  can,  choose  a place  where  the 
sun  will  shine  on  the  plants  all  day. 
Be  sure  that  trees,  bushes,  buildings, 
and  fences  will  not  shade  your  gar- 
den most  of  the  time.  Put  tall  plants 
on  the  north  side  of  your  garden  and 
short  plants  on  the  south  side.  Then 
both  will  get  plenty  of  sunlight. 

The  next  rule,  about  not  wasting 
good  seed  on  bad  soil,  is  also  very  im- 
portant. So  you  should  find  out  if  the 
soil  in  the  spot  you  choose  for  a gar- 
den is  mostly  clay,  sand,  or  loam. 


Moist  clay  is  sticky,  and  dry  clay  is 
almost  as  hard  as  rock.  Sand  is  gritty. 
It  falls  apart  even  when  it  is  wet. 
Loam  is  a mixture  of  sand  and  clay 
with  some  decayed  material  from 
plants  and  animals  in  it.  This  decayed 
material  that  is  formed  from  the  dead 
bodies  of  plants  and  animals  is  called 
humus.  You  can  easily  learn  to  tell 
one  kind  of  soil  from  another. 

This  experiment  shows  you  why 
you  should  know  what  kind  of  soil 
there  is  in  your  garden.  Get  three 
lamp  chimneys  and  tie  a piece  of 
cloth  over  the  bottom  of  each  one. 
Also  get  a cupful  of  sand,  a cupful  of 
clay,  and  a cupful  of  loam.  Be  sure 
that  each  kind  of  soil  is  dry.  If  it  is 
moist,  dry  it  in  an  oven  or  other  warm 
place.  Pour  the  sand  into  one  chim- 
ney, the  clay  into  another  chimney, 
and  the  loam  into  the  third  chimney. 
Press  the  soil  down  firmly  in  each 
chimney.  Then  set  each  chimney  in  an 
empty  glass  as  shown  in  the  picture. 
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FOUR  O'CLOCKS 

9" 

MARIGOLDS  ZINNIAS 

12" 

DWARF  NASTURTIUMS 

12" 

SWEET  ALYSSUM 

9" 

6* 

Front  of  garden 
FLOWER  GARDEN 


VEGETABLE 

GARDEN 


TOMATOES 

18" 

LETTUCE 

9* 

SWISS  CHARD 

9* 

CARROTS 

12" 

BEETS 

12" 

EARLY  TURNIPS  12* 

BEANS 

12* 

RADISHES 

9* 

6" 

Front  of  garden 


Fill  three  other  glasses  with  water. 
Give  a glass  of  water  to  each  of  three 
members  of  your  class.  Have  each 
one  pour  his  glass  of  water  into  a 
chimney  at  the  same  time  as  the 
others  do.  Watch  and  see  which  kind 
of  soil  lets  the  water  through  first. 
Does  the  water  run  through  the  sand 
first?  Then  after  a while  does  some  of 
the  water  come  through  the  loam? 
Does  the  clay  hold  the  water  so  that 
it  does  not  run  through? 

If  soil  is  mostly  sand  or  clay,  plants 
cannot  get  the  right  amount  of  water. 
Sand  drains  so  fast  that  roots  cannot 
get  enough  water.  Clay  holds  so 
much  water  that  roots  will  rot.  Moist 


clay  sticks  together  tightly,  and  air 
cannot  get  into  the  soil.  You  can  see 
why  loam  is  the  best  soil  for  a garden. 
It  holds  water  better  than  sand,  and 
it  drains  better  than  clay. 

When  you  decide  what  to  grow  and 
where  to  have  your  garden,  draw  a 
plan  like  the  ones  on  this  page.  Use 
lines  for  the  rows  of  different  plants 
you  are  going  to  grow.  The  distance 
between  the  rows  depends  on  how 
big  the  plants  are  when  they  are  full- 
grown.  You  can  find  out  many  things 
about  planning  your  garden  in  seed 
catalogues.  Usually  they  tell  just  how 
far  apart  the  rows  of  different  plants 
should  be. 


1.  Give  several  reasons  why  a garden  should  he  planned. 

2.  Tell  why  each  of  the  first  three  rules  for  gardening  given  on  page 

221  is  important. 

3.  Hoiv  would  you  pick  out  a good  place  for  a garden? 

4 . For  the  experiment  on  pages  223-224 , you  must  have  dry  soil.  Tell 

why  it  is  needed. 

5.  Why  is  loam  better  than  either  sand  or  clay  for  growing  plants? 
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How  do  we  get  the  soil  ready  for  planting? 


You  can  think  of  your  garden  as 
a little  farm.  A farmer  does  the 
same  things  you  must  do  to  make  a 
garden.  He  must  decide  what  things 
he  will  plant  and  where  he  will  plant 
them.  Then  he  must  get  the  soil 
ready  for  planting.  You  can  do  this 
with  your  hands  and  a few  tools.  But 
a farmer  needs  machines  and  many 
different  kinds  of  tools  to  help  him 
with  his  work,  because  his  fields  are 
so  much  bigger  than  a garden. 

To  get  the  soil  ready  for  planting, 
you  must  first  loosen  it  and  break  it 
up.  You  cannot  do  this  if  the  soil  is 
too  wet.  If  a lump  of  soil  crumbles 
when  you  hit  it,  the  soil  is  just  right 
to  work.  But  if  it  sticks  together,  it 
is  too  wet.  You  will  have  to  wait  until 


the  soil  is  dry  enough  to  work.  Use  a 
spade  or  a spading  fork  to  dig  into  the 
soil  and  loosen  it.  Break  up  the  lumps 
with  a hoe  or  a rake.  Then  smooth 
the  soil  with  a rake. 

A farmer  uses  a plow  to  loosen  the 
soil  and  break  it  into  big  chunks. 
These  must  be  broken  up  into  smaller 
pieces,  and  then  the  soil  must  be 
smoothed.  To  do  this,  a farmer  uses 
a tool  called  a harrow . This  has  sharp 
disks  or  long,  pointed  teeth  that  cut 
into  the  soil  and  break  it  up.  Some- 
times a harrow  is  pulled  behind  a 
plow.  Then  the  soil  is  plowed  and 
harrowed  at  the  same  time. 

Loosening  and  breaking  up  the  soil 
make  it  easier  to  plant  seeds  down 
where  they  start  growing  best.  And 
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The  man  in  the  picture  on  the  left  is  plowing.  In  the  other  picture,  a farmer  is  using 
a disk  harrow  to  break  up  the  big  lumps  of  soil. 


the  soil  can  help  keep  the  water  that 
plants  need.  Water  easily  soaks  into 
the  ground  when  the  soil  is  loosened 
and  broken  up.  But  if  the  ground 
is  hard,  much  water  runs  off  instead 
of  soaking  in. 

While  you  are  getting  the  soil  ready 
for  planting,  remember  the  rule  about 
not  wasting  good  seed  on  bad  soil. 
If  the  soil  is  poor,  you  can  do  several 
things  to  improve  it.  Loam  is  the  best 
soil  for  your  garden.  You  can  make 
the  soil  more  like  loam.  If  the  soil  is 
too  sandy,  mix  some  clay  and  humus 
with  it.  If  it  contains  too  much  clay, 
mix  in  some  sand  or  ashes  and  some 
decayed  material.  Seed  stores  also 
sell  a material  called  peat  moss  which 
is  made  of  decayed  plant  materials. 
It  can  be  used  to  make  sandy  soils  or 
clay  soils  better  for  growing  plants. 

Have  you  ever  heard  of  sour  soil? 
It  is  soil  with  too  much  acid.  Many 


plants  will  not  grow  well  in  sour,  or 
acid,  soil.  In  Unit  Five  you  learned 
how  to  use  blue  litmus  paper  to  test 
for  acid.  Put  some  moist  soil  from 
your  garden  on  some  blue  litmus  pa- 
per. If  the  paper  turns  red,  the  soil 
has  acid  in  it.  To  make  it  less  acid, 
put  lime  or  ground-up  limestone  on 
the  soil. 

The  soil  may  need  fertilizer,  too. 
You  know  that  plants  use  dissolved 
minerals  in  the  soil  to  make  food. 
Plants  take  minerals  from  the  soil  all 
the  time  they  are  growing.  But  if  the 
soil  does  not  have  the  right  minerals 
in  it,  plants  will  not  grow  properly. 
Then  we  have  to  find  some  way  to  put 
the  minerals  into  the  soil. 

If  we  let  plants  die  and  decay,  the 
minerals  in  them  will  slowly  soak  into 
the  ground.  Then  other  plants  can  use 
them  to  make  food.  But  in  a garden 
or  on  a farm  we  harvest  the  plants 
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and  take  them  away.  Most  of  the 
minerals  do  not  get  back  into  the  soil. 
Some  plants,  like  corn  or  potatoes, 
use  up  the  minerals  very  fast.  After 
these  plants  are  grown  in  the  same 
soil  for  several  years,  there  are  not 
enough  minerals  left  to  raise  a good 
crop.  Then  a fresh  supply  of  minerals 
must  be  put  back  into  the  soil.  One 
way  to  do  this  is  to  use  fertilizer. 

You  can  do  an  experiment  to  see 
what  happens  when  soil  is  fertilized. 
Fill  two  flowerpots  with  soil  that  has 
been  used  to  grow  plants  for  a long 
time.  Plant  the  same  kind  of  seeds  in 
each  pot.  Give  them  both  the  same 
amount  of  water  at  the  same  times. 
Set  them  side  by  side  in  a place  where 
they  will  get  the  same  amount  of  sun- 
light. When  the  plants  come  up  above 
the  soil,  put  some  fertilizer  in  one 
pot.  You  can  get  the  right  kind  of  fer- 
tilizer from  a florist.  Follow  the  direc- 
tions carefully  so  that  you  use  just 
the  right  amount  of  fertilizer.  Then 
watch  the  plants  in  the  two  pots  to 
see  which  ones  grow  better. 

Fertilizer  contains  the  minerals  that 
plants  need.  By  doing  many  experi- 
ments, scientists  have  found  out  what 


elements  in  these  minerals  are  used 
by  plants.  Without  nitrogen,  a plant 
will  not  have  healthy,  green  leaves. 
Phosphorus  helps  the  roots  grow  and 
makes  plants  develop  faster.  Potas- 
sium also  helps  roots  grow.  And  it 
makes  the  stems  strong  and  helps  the 
seeds  form.  A plant  must  have  mag- 
nesium to  make  chlorophyll.  With- 
out an  element  called  boron,  a plant 
may  have  brownish  flowers  and 
stems.  If  a plant  cannot  get  manga- 
nese, its  leaves  may  turn  yellow. 
Plants  also  need  calcium,  sulphur, 
iron,  copper,  zinc,  and  possibly  a few 
other  elements. 

The  pictures  on  this  page  show  you 
that  plants  need  these  elements.  The 
tomatoes  in  the  left-hand  picture  were 
grown  without  copper,  zinc,  manga- 
nese, or  boron.  The  ones  on  the  right 
were  fertilized  with  these  four  ele- 
ments. Which  ones  look  like  better 
tomato  plants? 

Scientists  know  how  to  test  soil  and 
find  out  what  elements  it  contains. 
Then  they  can  tell  what  elements 
should  be  added  to  make  plants  grow 
better.  Each  state  has  one  or  more 
experiment  stations,  where  scientists 


test  soil.  A farmer  can  send  soil  to  an 
experiment  station  to  have  it  tested. 
Or  he  can  buy  a set  of  chemicals  and 
test  the  soil  himself. 

Fertilizer  puts  minerals  back  into 
the  soil,  but  the  right  kind  and 
amount  must  be  used.  The  wrong 
kind  or  too  much  of  the  right  kind 
may  injure  plants  instead  of  helping 
them.  Before  you  put  any  fertilizer  on 
the  soil  in  your  garden,  talk  with 
someone  who  knows  about  the  differ- 
ent kinds.  Find  out  what  kind  to  use 
and  then  follow  the  directions  care- 
fully. Spread  the  fertilizer  evenly  over 
the  soil.  Then  mix  it  into  the  soil  with 
a hoe  or  a rake.  If  you  sprinkle  the 
ground  with  water,  it  will  help  the 
minerals  dissolve. 

There  are  many  different  kinds  of 
fertilizer  used  to  make  plants  grow 
better.  One  kind  is  animal  manure. 
It  is  a good  fertilizer,  because  it  con- 
tains nitrogen,  phosphorus,  and  potas- 
sium. Usually  it  contains  dead  plant 
material,  too.  And  so  it  adds  humus  to 
the  soil.  In  the  fall,  the  manure  is  often 


put  on  gardens  and  farm  fields  or 
around  trees  and  bushes.  During  the 
fall  and  winter,  it  decays.  Rain  and 
melting  snow  dissolve  the  minerals. 
They  soak  down  into  the  soil  where 
plants  can  use  them. 

When  the  ground  is  spaded  in  the 
spring,  the  manure  can  be  turned  un- 
der. To  do  this,  just  turn  the  spadeful 
of  earth  over  when  it  is  put  back  into 
the  hole.  Then  the  manure  will  be  in 
the  soil. 

Farmers  have  another  way  of  put- 
ting minerals  back  into  the  soil.  If 
corn  or  certain  other  crops  are  grown 
in  the  same  field  year  after  year,  the 
crops  become  poorer  and  poorer. 
Minerals  are  taken  from  the  soil  and 
not  put  back.  Corn  takes  a lot  of 
nitrogen  from  the  soil.  But  clover, 
alfalfa,  soybeans,  and  cowpeas  put 
nitrogen  back  into  the  soil.  So  farm- 
ers plant  corn  in  a field  for  a year  or 
two.  Then  they  plant  clover,  alfalfa, 
soybeans,  or  cowpeas  in  the  same 
field  for  a year  or  two.  This  keeps  the 
soil  from  losing  all  of  its  nitrogen. 


1 . Give  two  reasons  for  loosening  and  breaking  up  soil. 

2.  If  the  soil  in  your  garden  is  too  sandy , what  can  you  do  to 

improve  it? 

3.  Why  is  lime  or  ground-up  limestone  sometimes  put  on  soil? 

4.  When  do  plants  take  minerals  from  the  soil?  When  do  they  put 

minerals  back  into  the  soil? 

5.  Before  putting  fertilizer  on  your  garden , what  should  you 

find  out? 

6.  How  are  a garden  and  a.  farm  alike?  How  are  they  different? 
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Marjorie  is  using  a garden  line  to  guide  her  in  making  a straight  furrow.  Jane  is 
planting  heet  seeds  in  a furrow. 


How  do  we  plant  a garden? 


Now  comes  the  fun  of  planting 
your  garden!  Everything  else  is 
done.  You  have  decided  what  to 
grow,  and  you  have  drawn  a plan  of 
your  garden.  The  soil  is  ready  for 
planting.  The  next  thing  to  do  is  to 
follow  your  plan  in  laying  out  the 
garden. 

Use  a string  to  make  straight  rows. 
The  string  should  be  a little  longer 
than  one  row.  Tie  a stake  to  each  end 
of  the  string.  Push  the  stakes  in  the 
ground  so  that  the  string  is  tight  and 


right  over  where  you  want  a row  of 
plants.  Then  make  a furrow  directly 
under  the  string.  To  make  a furrow, 
you  can  use  the  end  of  a stick  or  the 
handle  of  your  hoe  or  your  rake,  as 
the  girl  in  the  picture  is  doing. 

Look  at  the  different  kinds  of  seeds 
you  are  going  to  plant.  Some  are 
probably  larger  than  others.  Large 
seeds  should  be  planted  deeper  and 
farther  apart  than  small  seeds.  The 
depth  that  the  furrow  should  be 
depends  on  the  size  of  the  seeds. 
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For  little  seeds,  such  as  carrots  and 
lettuce,  make  a furrow  about  one- 
fourth  inch  deep.  Remember  the  rule 
about  not  using  too  much  seed.  Take 
a few  seeds  at  a time  and  scatter  them 
evenly  in  the  furrow.  Cover  them 
with  about  one-fourth  inch  of  fine 
soil.  Press  the  soil  down  hard  with 
your  hand  all  along  the  row.  You  do 
this  to  make  sure  that  moist  soil 
touches  the  seeds. 

For  medium-sized  seeds,  such  as 
beets  and  radishes,  make  a furrow 
about  one  inch  deep.  Scatter  the 
seeds  evenly  in  the  furrow  and  then 
cover  them  with  one-half  inch  of  fine 
soil.  Press  down  hard  on  the  soil  with 
your  hand  all  along  the  row. 

For  big  seeds,  such  as  beans  and 
peas,  make  a furrow  about  two  inches 
deep.  Put  the  seeds  about  one  and 
one-half  inches  apart  in  the  furrow. 


Cover  the  seeds  with  a little  more 
than  an  inch  of  soil.  Press  the  soil 
down  firmly  with  your  hand. 

You  should  also  know  when  to 
plant  different  kinds  of  seeds.  Read 
the  directions  in  seed  catalogues  or  on 
packages  of  seeds  to  find  the  best  time 
for  planting.  In  the  early  spring 
while  it  is  still  cool  outdoors,  you  can 
plant  carrots,  lettuce,  beets,  radishes, 
and  spinach.  The  seeds  will  sprout 
and  grow.  But  you  should  not  plant 
beans,  peas,  corn,  cucumbers,  or 
squash  while  it  is  cool.  The  seeds  of 
these  vegetables  will  not  sprout  until 
the  weather  is  warm. 

Some  vegetables  and  many  flowers 
take  a long  time  to  grow.  They  should 
be  started  early,  but  their  seeds  will 
not  sprout  until  it  is  warm.  If  you 
wait  for  warm  weather  to  plant  to- 
matoes, peppers,  cabbages,  and  egg- 
plant, the  vegetables  will  not  be  ready 
to  eat  before  cold  weather  comes 
again  in  the  fall.  Do  you  know  how 
we  start  plants  like  these  growing 
early?  We  make  a warm  place  for 
the  seeds  to  sprout. 

Have  you  ever  seen  a greenhouse? 
It  is  a building  with  a roof  and  walls 
made  of  glass.  When  the  sun  shines, 
its  heat  warms  the  soil  inside  where 
plants  are  growing.  The  soil  warms 
the  air  in  the  greenhouse,  and  the 
glass  keeps  the  warm  air  from  getting 
out.  It  also  keeps  cold  air,  snow,  and 
rain  from  getting  in.  At  night  or  on 
cloudy  days,  a furnace  heats  the  green- 
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When  the  days  begin  to  get  warm,  the  glass  on  the  hotbed  should  be  raised  a little 
during  the  middle  of  the  day.  This  gives  the  plants  air  and  keeps  them  from  getting 
too  warm. 


house.  Even  in  winter,  vegetables 
and  flowers  can  be  grown. 

Plants  can  be  started  early  in  a 
greenhouse.  You  can  buy  these  plants 
to  put  in  your  garden,  or  you  can 
grow  them  yourself.  You  do  not  need 
a greenhouse  to  do  this,  but  you  can 
use  something  like  it.  Look  at  the  pic- 
ture on  this  page.  It  shows  how  a 
hotbed  is  made.  A frame  is  set  in  a 
hole  about  two  feet  deep.  The  frame 
should  be  lower  on  the  south  side  than 
on  the  north.  Inside  the  frame,  there 
is  a layer  of  manure  about  eighteen 
inches  deep.  A layer  of  good  soil  about 
six  inches  deep  is  put  over  this.  After 
seeds  are  planted  in  the  soil,  a glass 
cover  like  a big  window  is  set  on  top 
of  the  frame. 

The  sun  warms  the  soil  in  the  hot- 
bed, and  the  soil  warms  the  air.  The 


glass  cover  keeps  the  warm  air  in  and 
the  cold  air  out.  The  manure  also 
helps  warm  the  soil.  You  know  that 
manure  decays.  As  it  decays,  a chem- 
ical change  takes  place.  This  pro- 
duces heat,  which  warms  the  soil 
above  the  manure.  The  seeds  sprout 
in  the  warm  soil,  and  the  plants  begin 
to  grow. 

Another  way  you  can  get  plants 
started  early  is  to  use  a cold  frame. 
This  looks  like  a hotbed,  but  it  has  no 
layer  of  manure  under  the  soil.  Only 
the  sun  warms  the  soil  in  a cold 
frame.  So  the  growing  plants  are  not 
kept  as  warm  as  they  are  in  a hotbed. 

Plants  should  be  kept  in  a cold 
frame  or  a hotbed  until  there  is  no 
danger  of  freezing  weather.  Then  the 
little  plants  can  safely  be  taken  out 
and  set  in  the  soil  of  your  garden. 
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This  is  called  transplanting.  When 
you  transplant,  take  up  some  soil 
along  with  the  roots  of  each  plant. 
Then  make  a hole  in  the  soil  of  your 
garden.  Be  sure  that  the  hole  is  big 
enough  to  hold  the  roots  of  one  little 
plant.  With  your  fingers,  pack  the  soil 
down  firmly  around  the  roots  but  be 
careful  not  to  injure  them. 


It  is  fun  to  plant  a garden,  and  it  is 
fun  to  watch  it  grow.  But  probably 
the  most  fun  comes  when  you  pick 
the  vegetables  and  flowers.  You  may 
want  to  know  how  much  of  each  thing 
you  raise.  If  you  do,  you  can  keep  a 
record  of  all  the  things  you  pick  in 
your  garden.  Write  down  the  day  of 
the  month  when  you  pick  each  thing. 


1.  Would  you  plant  peas , carrots,  and  radishes  in  the  same  fur- 

row? Why? 

2 . If  you  plant  cucumbers , lettuce , beans,  corn,  and  beets  in  the 

early  spring,  which  ones  will  probably  come  up?  Which  ones 
may  not? 

3.  How  are  plants  started  early  while  it  is  still  cool  outdoors? 

Name  three  ways  and  tell  how  each  one  works. 

4.  Tell  how  to  transplant  cabbage  plants  or  tomato  plants. 
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How  do  we  take  care  of  growing  plants? 


For  several  days  after  their  garden 
was  planted,  Bill  and  Betty  went 
to  look  at  it.  Nothing  seemed  to  hap- 
pen. So  they  stopped  going  to  see  it 
every  day.  "Then  one  afternoon  Bill 
came  running  toward  the  house.  He 
was  very  excited. 

“It’s  up!”  he  shouted. 

“What’s  up?”  asked  Betty. 

“Our  garden,”  answered  Bill.  “It’s 
really  growing.  You  can  see  the  little 
plants.  Come  and  look.” 

You  will  probably  be  excited,  too, 
when  you  see  the  first  plants  coming 
up  in  your  garden.  You  planted  the 
seeds  yourself.  They  sprouted  in  the 
warm,  moist  soil.  And  they  are  grow- 
ing. From  now  on,  you  will  be  busy 
taking  care  of  the  growing  plants. 

When  you  planted  your  garden, 
you  left  spaces  between  the  rows.  If 
the  rows  are  far  enough  apart,  the 
plants  in  one  row  will  not  keep  plants 
in  another  row  from  getting  enough 
sunlight,  water,  and  minerals.  But  if 
plants  in  the  same  row  are  too  close 
together,  they  will  not  grow  into 
healthy  plants.  None  of  them  can  get 
enough  sunlight,  water,  and  minerals. 

After  the  plants  have  come  up  sev- 
eral inches  above  the  ground,  you 
may  find  that  there  are  too  many  of 
them  in  one  row.  So  you  must  thin 
the  plants  as  soon  as  they  are  big 
enough  to  handle.  To  do  this,  you  pull 
out  some  of  the  plants  and  leave  more 


room  between  the  others.  You  may 
not  like  to  pull  out  plants  that  are 
growing.  But  you  know  why  you 
must  do  it.  You  do  it  to  give  the  other 
plants  room  to  grow.  The  picture  on 
this  page  shows  how  far  apart  beets 
should  be  after  they  are  thinned. 
Pulling  out  some  will  make  the  ones 
that  are  left  grow  bigger. 

Have  you  ever  seen  men  cutting 
branches  from  fruit  trees  in  an  or- 
chard? This  is  called  'pruning  the 
trees.  Some  of  the  smaller  branches 
are  cut  off  so  that  the  other  branches 
can  get  more  sunlight,  food,  and 
water.  Pruning  helps  the  trees  grow 
bigger  and  better  fruit.  The  roots 
take  in  only  so  much  water  and 
minerals,  and  the  leaves  make  only 
so  much  food.  When  the  smaller 
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Someone  is  removing  a sucker  from  a tomato  plant  in  the  picture  on  the  left.  The 
other  picture  shows  a tomato  plant  that  has  been  pruned  so  that  there  is  just  one 
main  stem. 


branches  and  their  buds  are  cut  off, 
those  that  are  left  get  more  food. 

At  a fair  or  a garden  show,  you  can 
see  big,  beautiful  flowers,  fruits,  and 
vegetables.  Many  of  them  are  grown 
by  pruning  the  plants.  All  the  buds 
except  one  at  the  end  of  the  stem  are 
cut  off.  Then  this  bud  grows  big  be- 
cause it  gets  all  the  food.  You  may 
not  win  a prize  at  a fair  or  garden 
show  with  your  flowers  or  vegetables. 
But  you  can  make  some  of  your  plants 
grow  better  by  pruning  them. 

If  you  prune  tomato  plants,  you 
will  get  bigger  tomatoes.  You  will  see 
that  little  shoots,  or  suckers , grow  out 


at  the  place  where  the  big  leaves  come 
from  the  stem.  Pinch  these  shoots 
off  with  your  fingers  or  cut  them  off 
before  they  grow  very  big.  Every 
few  days,  look  at  the  plants  and  re- 
move any  new  suckers. 

While  you  are  down  on  your  knees 
thinning  or  pruning  the  plants  in 
your  garden,  you  can  do  something 
else.  Do  you  remember  the  rule  about 
not  letting  the  weed  crop  win?  Weeds 
are  plants  we  do  not  want.  They  keep 
the  plants  we  do  want  from  getting 
enough  sunlight,  water,  and  miner- 
als. So  pull  out  the  weeds  as  you  thin 
or  prune  the  plants  in  your  garden. 
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Weeding  and  cultivating  will  keep  you  busy  when  your  garden  starts  to  grow.  The 
boy  who  is  hoeing  is  doing  it  correctly.  He  is  pulling  the  hoe  toward  himself. 


Be  sure  to  pull  out  the  roots  of  weeds 
like  crab  grass  and  pigweed.  Also 
get  the  weeds  out  of  your  garden  be- 
fore they  can  make  seeds. 

You  must  keep  the  soil  in  your 
garden  loose  all  the  time  the  plants 
are  growing.  This  is  called  cultivating 
the  soil.  You  can  use  a hoe  to  culti- 
vate your  garden.  Go  down  along 
each  row,  loosening  the  soil.  Do  not 
dig  too  deep,  or  you  may  chop  off  the 
roots  of  your  plants.  At  the  same  time, 
chop  out  the  weeds  or  uproot  them. 
Getting  the  weeds  out  is  one  reason 
for  cultivating  a garden. 

Another  reason  for  loosening  the 
soil  is  to  let  air  get  down  to  the  roots 


of  growing  plants.  Plants  need  oxy- 
gen from  the  air  for  the  same  reason 
that  animals  need  it.  They  use  the 
oxygen  from  the  air  to  get  energy 
from  their  food. 

There  is  a third  reason  for  culti- 
vating the  soil  in  your  garden.  All 
the  time  plants  are  growing,  they 
must  have  water.  You  know  that  loos- 
ening the  soil  helps  water  soak  in.  It 
also  helps  keep  water  from  getting 
out  after  it  soaks  in.  You  can  do  an 
experiment  to  see  how  cultivating 
your  garden  helps  keep  the  soil  from 
drying  out. 

Dig  some  soil  from  your  garden 
and  sift  it  through  a flour  sieve.  Set 
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two  lamp  chimneys  in  a flat  pan.  Fill 
one  of  the  chimneys  half  full  of  fine 
soil.  Pack  the  soil  down  firmly  as  you 
put  it  in.  Now  put  fine  soil  in  the 
other  chimney  until  it  is  one-third 
full.  Pack  the  soil  down  firmly.  Then 
add  enough  loose  soil  to  fill  the  chim- 
ney half  full.  The  soil  in  the  two 
chimneys  is  just  the  same.  But  the 
soil  at  the  top  of  one  is  much  looser 
than  the  soil  at  the  top  of  the  other. 

Pour  water  into  the  flat  pan  so  that 
it  can  get  into  the  soil  in  the  chim- 
neys. Watch  the  water.  In  which 
chimney  does  the  water  get  to  the  top 
of  the  soil  first?  As  the  water  gets  to 
the  top,  it  evaporates  into  the  air. 
Watch  the  soil  in  the  two  chimneys 
for  several  days.  In  which  chimney 
does  the  soil  dry  out  first? 

The  loose  soil  in  one  chimney  holds 
the  water  longer  than  the  tightly 
packed  soil  in  the  other  chimney. 
Cultivating  loosens  the  soil  near  the 
top  in  your  garden.  The  experiment 


shows  you  that  this  keeps  the  soil 
from  drying  out  so  fast. 

If  the  weather  is  very  dry  or  if  the 
soil  is  very  sandy,  you  will  probably 
have  to  water  your  garden.  When 
you  do,  give  it  a good  soaking.  Then 
you  will  not  need  to  water  more  than 
once  a week.  Water  your  garden  in 
the  evening.  Then  the  water  can  soak 
down  to  the  roots  before  the  heat  of 
the  sun  makes  much  of  the  water 
evaporate.  Keep  the  soil  in  your  gar- 
den loose  so  that  the  water  will  soak 
into  the  ground  and  stay  there. 

Many  parts  of  our  country  get 
enough  rain  and  snow  to  supply  water 
for  gardens  and  farms.  But  the  water 
may  come  at  a time  of  the  year  when 
plants  are  not  growing.  By  cultivat- 
ing the  soil,  we  can  keep  much  of  this 
water  in  the  ground.  Then  plants 
can  use  it  when  they  grow. 

But  some  parts  of  our  country  do 
not  get  enough  rain  or  snow  to  supply 
water  for  gardens  and  farms.  Before 
plants  can  be  raised,  water  must  be 
brought  to  the  land.  Much  land  in 
the  western  part  of  our  country  is 
irrigated  by  water  from  mountain 
streams.  The  streams  get  the  water 
from  rain  or  snow.  Dams  hold  back 
the  streams  and  form  large  reservoirs. 
Water  stored  in  the  reservoirs  can  be 
used  as  it  is  needed.  It  flows  many 
miles  through  ditches  and  pipes  to 
the  dry  land.  In  Florida,  fields  are 
often  irrigated  during  dry  weather 
by  water  from  springs. 
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This  man  is  irrigating  his  celery  field  near  Venice , Florida.  The  water  is  coming  up 
through  a pipe  from  an  underground  spring. 


Plants  must  have  enough  water  to 
make  food  and  grow.  But  do  you 
know  what  happens  when  plants  get 
too  much  water?  You  can  do  an  ex- 
periment to  find  out.  Get  two  flower- 
pots of  the  same  size  and  material. 
Each  flowerpot  should  have  a hole  in 
the  bottom.  Cover  these  holes  with 
small  stones  or  pieces  of  a broken 
flowerpot.  Then  get  two  plants  of  the 
same  kind  that  are  about  the  same 
size.  Put  one  plant  in  each  flowerpot 
and  press  soil  around  the  roots. 

Set  the  plants  side  by  side  in  a 
place  where  they  can  get  the  same 


amount  of  sunlight.  Give  each  plant 
the  same  amount  of  water.  After  the 
plants  are  growing  well,  plug  up  the 
hole  in  one  of  the  flowerpots.  Keep 
on  giving  each  plant  the  same  amount 
of  water  every  day  for  several  weeks. 
Watch  the  plants  carefully  to  see  how 
they  grow.  Which  plant  grows  bet- 
ter? Is  it  the  one  in  the  pot  with  the 
open  hole?  Does  water  stand  in  the 
pot  with  the  plugged  hole?  Does 
water  drain  out  of  the  other  pot? 

Now  unplug  the  hole  in  the  flower- 
pot. What  happens  to  the  water?  If 
the  plant  is  not  dead,  it  will  begin  to 
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grow  again.  Watch  it  for  several  days 
to  see  what  happens. 

The  experiment  shows  that  too 
much  water  is  just  as  bad  for  a plant 
as  not  enough  water.  You  know  that 
plants  need  oxygen  to  use  their  food. 
When  the  soil  is  full  of  water,  air  can- 
not get  to  the  roots.  The  roots  rot,  and 
the  plants  soon  die. 


Sometimes  water  stands  on  the  soil 
after  a heavy  rain.  If  it  stands  there 
for  long,  the  growing  plants  will  die. 
So  we  have  to  find  a way  to  get  rid 
of  the  water.  In  a garden,  a little 
ditch  will  usually  carry  the  water 
away.  On  farms,  ditches  are  also  used 
to  drain  low,  wet  land.  But  when 
water  runs  off  into  ditches,  some  of 
the  good  soil  is  usually  carried  along 
with  it.  Ditches  also  take  up  room 
that  could  be  used  for  raising  crops. 
Weeds  often  start  growing  in  ditches 
and  then  spread  to  the  fields. 

The  picture  on  this  page  shows  a 
better  way  to  get  rid  of  too  much 
water  on  the  soil.  A farmer  first  digs 
a ditch  about  three  feet  deep.  Then 
he  lays  short  pieces  of  pipe  in  the 
ditch.  The  pipe  is  made  of  baked  clay, 
and  it  is  called  tile.  The  pieces  of  tile 
are  laid  so  that  they  make  a long  tube, 
but  a space  is  left  between  the  pieces. 
The  ditch  is  filled  in,  and  the  tube  is 
covered  up.  Water  soaks  slowly  down 
through  the  soil  and  into  the  tube  at 
every  space  between  pieces.  The  tube 
slopes  a little  so  that  the  water  will 
run  off  into  a ditch  or  pond. 


1.  Why  may  a row  of  plants  in  your  garden  have  to  he  thinned? 

2.  Tell  why  you  should  prune  tomato  plants.  How  would  you  do  it? 

3.  Name  four  things  that  growing  plants  need.  How  can  you  help 

the  plants  in  your  garden  get  them? 

4.  What  are  three  reasons  for  cultivating  the  soil?  Explain  why 

each  one  is  important. 

5.  Why  is  too  much  water  as  had  for  plants  as  not  enough  water? 

6.  How  do  farmers  keep  too  much  water  from  standing  on  the  soil? 
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How  are  plants  protected  from  their  enemies? 


In  your  garden,  a war  is  going  on. 

No  shots  are  fired,  and  no  bombs 
are  dropped.  But  it  is  a war  just  the 
same.  And  it  is  being  fought  in  gar- 
dens and  on  farms  everywhere.  This 
is  the  war  against  the  enemies  of 
our  plants.  Without  help,  the  plants 
would  soon  lose  the  war,  for  they 
are  not  very  good  fighters.  Let  us 
see  how  plants  are  protected  from 
their  enemies. 

Weeds  come  up  in  your  garden  even 
though  you  do  not  plant  their  seeds. 
The  seeds  were  in  the  soil  all  winter. 
When  the  soil  became  warm  and  moist 
in  the  spring,  the  seeds  sprouted  and 
the  weeds  began  to  grow.  These 
weeds  are  enemies  of  our  plants.  They 
keep  the  plants  from  getting  enough 
sunlight,  water,  and  minerals. 

Look  at  some  weeds,  and  you  can 
see  how  many  seeds  they  make.  Also 
notice  how  easily  the  seeds  are  scat- 


tered. Do  you  see  why  weeds  should 
be  killed  before  they  can  make  seeds? 
After  the  seeds  are  made,  the  wind 
may  carry  them  for  miles.  No  won- 
der weeds  spread  so  fast  and  come 
up  where  we  do  not  want  them! 

Crab  grass  is  a weed  that  is  hard 
to  get  rid  of.  It  grows  from  seeds 
every  year.  You  can  kill  crab  grass 
by  keeping  it  from  making  seeds.  Dig 
it  out  by  hand  while  it  is  very  young. 
This  takes  time,  but  it  is  not  hard  to 
do  because  the  roots  are  short.  Chick- 
weed  and  dandelions  make  seeds  all 
summer  long.  Pull  them  up  before 
the  seeds  are  ripe. 

The  roots  of  some  weeds  stay  in 
the  ground  year  after  year.  New 
weeds  grow  from  the  roots.  If  the 
tops  of  the  weeds  are  cut  off  or  broken 
off,  new  shoots  will  soon  come  up. 
To  get  rid  of  such  weeds,  pull  them 
out  by  the  roots  and  then  burn  them. 


Here  are  some  of  the  weeds  you  may  find  in  your  garden. 


CRAB 

GRASS 


PURSLANE 


DANDELION 


FIELD  SORREL 


shepherd’s  purse 


QUACK  GRASS 


Learn  to  recognize  as  many  of  these  birds  as  you  can.  They  are  among  our  best  helpers. 


Remember  the  rule  about  not  let- 
ting the  weed  crop  win.  You  know 
that  cultivating  the  soil  helps  kill 
weeds.  But  you  will  have  to  get  down 
on  your  knees  and  pull  some  weeds 
out  by  hand.  Farmers  sometimes  use 
strong  chemicals  to  kill  weeds  in  their 
fields. 

There  is  another  way  of  getting  rid 
of  weeds.  We  seldom  think  about  it, 
but  it  is  very  important.  If  birds  did 
not  help  protect  our  plants,  the  weed 
crop  would  surely  win.  Scientists 
have  found  out  what  birds  eat  by 
looking  into  the  stomachs  of  dead 
birds.  In  the  stomach  of  one  quail, 
they  counted  300  smartweed  seeds, 
500  sorrel-grass  seeds,  700  mercury- 
weed  seeds,  and  1000  ragweed  seeds. 

Of  course,  these  were  not  all  the 
weed  seeds  that  the  quail  ate  in  one 
day.  Only  the  undigested  seeds  could 
be  counted.  In  one  day,  a quail  can 


eat  many  more  seeds.  One  scientist 
figured  out  that  tree  sparrows  in  Iowa 
eat  1,750,000  pounds  of  weed  seeds 
every  year! 

Birds  help  protect  our  plants  in 
another  way,  too.  In  Unit  One,  you 
learned  that  insects  are  the  most  dan- 
gerous enemies  of  our  plants.  They 
eat  the  leaves,  stems,  roots,  flowers, 
and  fruits.  Each  kind  of  plant  has 
at  least  one  kind  of  insect  enemy. 
Birds  are  the  greatest  protectors  of 
plants,  because  they  eat  huge  num- 
bers of  insects. 

One  scientist  counted  more  than 
1000  ants  in  the  stomach  of  a flicker. 
The  stomach  of  a nighthawk  had  fifty 
different  kinds  of  insects  in  it.  Every 
day,  birds  eat  millions  and  millions 
of  insects.  If  all  these  insects  lived, 
they  would  soon  destroy  all  the  plants 
that  we  grow  in  our  gardens  and  on 
our  farms. 
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STRIPED 

CUCUMBER 

BEETLE 


COLORADO  POTATO 
BEETLE  LARVA 


FACE 
OF  A 
GRASS- 
HOPPER 


CATERPILLAR 

FEEDING 


COMMON 
GRASSHOPPER  FEEDING 


MALARIA 

MOSQUITO 


i 


SQUASH 


BUG 


POTATO -PLANT 
APHID  FEEDING 


GRAPE 

LEAF 

HOPPER 


DOG-DAY  CICADA 

FEEDING  FACE 

OF  DOG-DAY 
CICADA 


On  the  left  are  some  chewing  insects.  The  head  of  a grasshopper  shows  what  the 
mouths  of  chewing  insects  are  like.  On  the  right  are  sucking  insects.  The  head  of  the 
cicada  shows  the  long  tube  with  which  sucking  insects  suck  the  sap  from  plants. 


Birds  are  a great  help  in  the  war  on 
the  insect  enemies  of  plants.  But  we 
must  kill  harmful  insects,  too.  Scien- 
tists supply  us  with  weapons  for  fight- 
ing the  insects  that  eat  our  plants. 
They  study  the  harmful  insects  to 
find  out  where  they  live,  what  they 
eat,  where  they  lay  their  eggs,  how 
they  change  as  they  grow,  and  many 
other  things  about  them.  We  can  use 
what  scientists  discover  about  insects 
to  protect  our  plants. 

You  can  study  some  insects  to  find 
out  how  they  eat.  Get  a weed  or  any 
plant  that  has  aphids  on  it.  You  know 
that  aphids  are  also  called  plant  lice, 
or  ant  cows.  Look  at  one  of  the  aphids 
with  a magnifying  glass  to  see  how  it 
eats.  If  you  look  closely,  you  will  see 
a little  tube  making  a hole  in  the  leaf 


or  stem  of  the  plant.  With  this  tube, 
an  aphid  sucks  sap  from  a plant,  just 
as  you  suck  a drink  through  a straw. 
Insects  that  eat  in  this  way  are  called 
sucking  insects. 

Many  insects  get  their  food  in  a 
different  way.  If  you  watch  a grass- 
hopper when  it  is  eating,  you  will  see 
it  bite  a piece  out  of  a leaf  with  its 
jaws.  They  move  from  side  to  side  as 
it  chews  the  leaf.  Insects  that  eat  in 
this  way  are  called  chewing  insects. 

Scientists  have  found  out  how  to 
kill  many  kinds  of  harmful  insects  by 
poisoning  them.  There  are  many  dif- 
ferent kinds  of  insect  poisons.  Some 
of  them  are  liquids  that  can  be 
sprayed  on  the  plants.  Others  are 
powders  that  are  dusted  on  plants  or 
first  mixed  with  water  and  then 
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Are  these  tent  caterpillars  a kind  of  chewing  insect,  or  a kind  of  sucking  insect? 


sprayed  on.  Just  what  kind  of  poison 
we  use  depends  on  the  way  the  insects 
we  want  to  kill  get  their  food. 

We  kill  chewing  insects  by  putting 
poison  on  the  parts  of  plants  that  they 
eat.  The  insects  take  the  poison  into 
their  bodies  along  with  their  food.  So 
this  kind  of  poison  is  called  a stomach 
poison.  Two  chemicals  often  used  as 
stomach  poisons  are  lead  arsenate 
and  calcium  arsenate.  They  are  pow- 
ders that  can  be  dusted  on  plants 
or  mixed  with  water  and  sprayed 
on.  Use  a stomach  poison  to  kill 
chewing  insects.  Some  of  these  are 
cabbage  worms,  tomato  worms,  po- 
tato beetles,  Mexican  bean  beetles, 


and  tent  caterpillars  that  make  tent- 
like webs  in  trees  and  shrubs. 

We  cannot  use  a stomach  poison  to 
kill  sucking  insects.  They  get  their 
food  inside  plants  where  poison  can- 
not reach  it.  But  we  can  kill  them  by 
putting  on  the  plants  a kind  of  poison 
that  will  touch  their  bodies.  This  poi- 
son will  get  into  the  breathing  holes 
of  the  insects  and  kill  them.  Because 
this  kind  of  poison  must  touch  the 
insects  to  kill  them,  it  is  known  as  a 
contact  poison.  Tobacco  extract  is  a 
good  contact  poison. 

To  kill  aphids,  use  a contact  poison. 
Follow  the  directions  carefully.  Spray 
or  dust  the  poison  on  the  plants  where 
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the  aphids  are  feeding.  You  will  be 
surprised  how  quickly  they  are  killed. 
Other  sucking  insects  can  be  killed 
with  contact  poisons.  One  of  these  is 
the  cucumber  beetle  that  feeds  on  cu- 
cumber, squash,  and  melon  vines. 
Another  is  the  stinkbug  often  found 
on  berry  plants. 

Not  many  years  ago,  scientists  dis- 
covered a poison  that  kills  many  kinds 
of  insects.  This  poison  is  called  DDT. 
It  kills  both  chewing  and  sucking  in- 
sects. DDT  is  very  good  to  use  on 
the  Japanese  beetle  and  the  potato 
beetle.  It  is  also  very  good  for  killing 
flies,  mosquitoes,  and  some  other  in- 
sects that  are  pests  in  the  house. 

Unfortunately,  DDT  will  not  kill 
every  kind  of  chewing  and  sucking  in- 
sect. It  does  not  kill  the  Mexican 
bean  beetle  or  the  cotton  boll  weevil. 
And  it  does  not  kill  all  the  insects  that 
are  sometimes  pests  in  the  house. 

All  insect  poisons  must  be  used  with 
care.  Some  of  them,  such  as  lead 
arsenate,  tobacco  extract,  and  DDT 
are  also  poisonous  to  people,  pets,  and 
farm  animals.  Use  these  poisons  only 
on  parts  of  a plant  that  are  not  used 
for  food.  Or  use  them  when  the  plants 
are  just  beginning  to  grow. 

One  of  the  best  and  safest  poisons 
to  use  in  killing  insects  is  rotenone. 
It  will  kill  both  sucking  insects  and 
chewing  insects,  because  it  is  a con- 
tact poison  as  well  as  a stomach  poi- 
son. It  is  not  poisonous  to  people, 
pets,  or  farm  animals. 


An  insect  larva  called  the  cutworm 
is  one  of  the  worst  enemies  of  young 
plants.  It  works  at  night,  and  it  eats 
right  through  stems  near  the  ground. 
Cutworms  often  kill  young  plants  the 
first  night  after  they  have  been  trans- 
planted. You  may  lose  all  of  your 
tomato  plants  in  this  way.  Cutworms 
also  eat  the  shoots  of  sweet  corn  just 
after  they  push  above  the  soil. 

You  can  use  a stomach  poison  to 
kill  cutworms.  Put  some  poison  bait 
on  the  soil  before  young  plants  are 
transplanted  or  before  the  shoots  come 
up.  The  poison  bait  is  made  by  mix- 
ing a poison  with  bran  and  water. 


Sally  is  spraying  her  zinnias  with  a stom- 
ach poison.  How  could  she  tell  that  she 
should  use  this  kind  of  poison? 
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Another  way  to  protect  plants 
against  cutworms  is  to  put  a piece  of 
stiff  paper  around  the  stems.  The 
paper  should  be  about  one  inch  above 
the  soil  and  go  down  about  two  inches 
under  the  soil.  This  keeps  the  cut- 
worms from  getting  to  the  stems. 

Plants  have  other  enemies  besides 
weeds  and  insects.  In  Unit  One  you 
learned  that  tiny  fungi  cause  potato 
blight,  corn  smut,  apple  rust,  and 


wheat  rust.  The  fungi  grow  on  the 
green  plants  and  use  them  for  food. 
Then  the  green  plants  are  spoiled  so 
that  we  cannot  use  them  ourselves. 
Scientists  have  found  ways  to  protect 
green  plants  from  some  of  these  fungi. 
A spray  or  powder  made  from  sulphur 
is  one  of  the  commonest  chemicals 
used  to  kill  fungi.  Many  fungi  are 
hard  to  control,  and  they  do  a great 
deal  of  damage  to  our  crops. 


1.  Why  are  weeds  harmful  to  the  plants  we  grow?  Give  some  ways 

of  getting  rid  of  weeds . 

2.  What  things  must  scientists  find  out  about  insects  before  they 

can  fight  them?  Why? 

3.  Give  two  different  ways  that  insects  get  their  food  from  plants. 

4.  Would  you  use  a contact  poison  or  a stomach  poison  to  kill  each 

of  these  insects? 

Cucumber  beetle  Cabbage  worm  Potato  beetle  Aphid 

5.  Why  is  rotenone  a good  poison  for  killing  insects  on  plants? 

6.  Tell  how  birds  help  protect  plants  from  their  enemies . 


QUESTIONS  TO  ANSWER 


1.  If  you  made  a garden  at  home  or 
at  school,  tell  how  this  unit  helped  you 
get  it  ready  and  then  take  care  of  it. 

2.  What  are  the  most  important 
crops  grown  in  your  community  or  in 
your  state? 

3.  How  do  farmers  in  your  com- 
munity or  state  kill  insects  that  eat 
their  crops? 

4.  If  scientists  did  not  help  garden- 
ers and  farmers,  how  would  gardening 
and  farming  be  different? 


5.  When  the  Indians  planted  corn, 
they  sometimes  put  a dead  fish  in  the 
ground  with  the  seeds.  Do  you  think 
this  would  help  the  corn  grow?  Ex- 
plain your  answer. 

6.  Suppose  that  your  garden  had 
sour  clay  soil.  What  could  you  do  to 
improve  the  soil?  What  could  you  do  if 
the  soil  was  too  sandy? 

7.  Would  you  plant  corn  on  the 
north  or  south  side  of  your  garden? 
Why? 
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THINGS  TO  DO 


1.  Find  out  how  plants  can  be  grown 
without  soil. 

2.  Visit  a greenhouse  and  learn  how 
plants  are  grown  there. 

3.  Learn  the  names  of  the  weeds 
and  insects  that  are  the  commonest 
enemies  of  the  plants  in  your  com- 
munity. 

4.  If  you  can,  visit  an  up-to-date 
farm  or  an  experimental  farm.  Find 
out  what  crops  are  grown  and  what 
kinds  of  farm  machines  are  used. 

5.  Read  newspapers  and  magazines 
for  more  information  about  weed  con- 
trol, insect  poisons,  gardening,  and  irri- 
gation. Cut  out  the  articles  and  bring 
them  to  school. 


6.  Find  out  more  about  the  insect 
poison  called  DDT. 

7.  Study  a map  that  shows  the 
amount  of  rainfall  in  all  parts  of  the 
United  States.  What  parts  need  to  be 
irrigated?  What  parts  have  enough 
rainfall  to  grow  crops? 

8.  Learn  the  names  of  the  most 
helpful  birds  in  your  community. 

9.  Collect  pictures  of  farm  machines 
and  find  out  how  each  machine  is 
used. 

10.  Find  out  more  about  fungi  that 
are  enemies  of  the  plants  we  grow  in 
our  gardens  and  on  our  farms. 

11.  Find  out  about  the  weed  killer 
called  2,  4 D. 
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SCIENCE  WORDS 


Can  you  say  the  word  element? 

Do  you  know  what  it  means? 
You  can  easily  find  out.  Look  in  the 
list  of  science  words  that  begins  on 
this  page.  The  word  element  is  on 
page  247. 

Notice  that  each  word  in  the  list  is 
printed  two  times.  The  second  time 
shows  you  how  to  say  the  word.  Some 


of  the  letters  have  marks  over  them. 
The  mark  tells  how  the  letter  sounds. 
Look  in  the  list  below  to  see  how  each 
letter  sounds. 

Now  look  at  the  word  backfire  near 
the  bottom  of  this  page.  The  slanting 
mark  / after  bak  is  bigger  than  the 
slanting  mark  / after  fir.  So  you  say 
bak  with  more  force  than  fir. 


a hat,  cap 
a age,  face 
a care,  air 
a father,  far 
e let,  best 
e equal,  see 


er  term,  learn 
i it,  pin 
i ice,  five 
o hot,  rock 
o open,  go 


6 order,  all 
u cup,  butter 
u full,  put 
ii  rule,  move 
u use,  music 


3 represents: 
a in  about 
e in  taken 
i in  pencil 
o in  lemon 
u in  circus 


acid  (as ''id),  a sour  material  that  turns 
blue  litmus  paper  red. 
aphid  (a ''fid),  a very  small  insect  that 
lives  by  sucking  the  sap  of  plants;  a 
plant  louse. 

automatic  stoker  (6/tamat''ik  stoker), 
a machine  to  control  the  amount  of  coal 
supplied  to  a fire, 

backfire  (bak ''fir /),  a controlled  fire  set 
to  stop  a forest  fire  or  grass  fire  by 
burning  off  the  space  ahead  of  the  fire, 
bacteria  (bak  ter 'is),  very,  very  tiny 
plants  that  often  cause  diseases, 
bakelite  (ba^a lit),  the  name  for  a kind 
of  plastic. 


ball  bearing  (bol  barring),  a bearing  in 
which  parts  turn  on  a number  of  loose 
metal  balls. 

battery  (bat'ari),  a set  of  two  or  more 
electric  cells  connected  to  produce  electric 
current. 

bearing  (barring),  a part  of  a machine 
on  which  another  part  turns  or  slides, 
bee  bread  (beared/),  a brownish,  bitter 
substance  made  from  pollen  and  honey. 
It  is  used  by  bees,  for  food, 
belt  (belt),  a band  put  around  two  wheels 
so  that  one  wheel  will  turn  the  other, 
beriberi  (ber-fiber'i),  a disease  caused 
by  lack  of  vitamin  Bi.  It  affects  the 
nerves  and  causes  loss  of  weight. 
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block  and  tack  le  (blok  and  tak'ol),  two 
pulley  blocks  and  a rope  used  together 
to  lift  or  pull  something, 
boiling  point  (boil'ing  point),  the  tem- 
perature at  which  a liquid  boils. 

carbohydrate  (kar^bbhl^drat),  a com- 
pound of  carbon,  hydrogen,  and  oxygen, 
carbon  tetrachloride  (kar'bon  tet'ra- 
klo'rld),  a colorless,  noninflammable 
liquid  that  changes  to  a heavy  gas  when 
heated. 

cell  (sel),  1.  a container  that  holds 
materials  for  producing  electric  current 
by  a chemical  change.  2.  the  smallest 
part  of  a living  thing.  All  animals  and 
plants  are  made  of  cells, 
cellophane  (sel 'a fan),  the  name  of  a 

thin,  clear  plastic. 

celluloid  (sel'uloid),  the  name  of  a 
hard,  inflammable  plastic, 
characteristic  (kar'iktaris'tik),  a spe- 
cial feature  of  a material  that  makes  it 
different  from  other  materials, 
chemical  change  (kem'ikal  chanj),  a 
change  in  a material  that  makes  a new 
material  with  different  characteristics, 
chewing  insect  (chilling  in'sekt),  an 
insect  that  gets  food  by  biting  and  chew- 
ing a plant  with  its  jaws, 
chlorophyll  (klo'rofil),  a green  material 
in  leaves  that  is  needed  by  a plant  to 
make  food. 

cold  frame  (kold  fram),  a glass-covered 
frame  set  in  the  ground.  It  is  used  to 
protect  and  warm  young  plants, 
colony  (kol'ani),  a group  of  animals  or 
plants  living  or  growing  together, 
combine  (kombln'),  join  together  to 
make  a compound. 

combustible  (kambus'tibal),  able  to 
catch  fire  and  burn. 

compound  (kom 'pound),  a material 
made  of  two  or  more  different  elements 
joined  together. 


compress  (kam pres'),  squeeze  together, 
con  ser  va  tion  (kon'sar  va'shan) , protec- 
tion and  wise  use  of  wild  life,  etc. 
contact  poison  (kon'takt  poi'zan),  a 
poison  that  kills  insects  when  it  touches 
their  bodies. 

contract  (kantrakt'),  get  smaller, 
cultivate  (kul'tivat),  loosen  the  soil 
around  growing  plants, 
curd  (kerd),  the  thick  part  of  milk  that 
separates,  from  the  watery  part,  or 
whey,  when  milk  sours. 

drone  (dron),  a male  bee. 

elastic  (ilas'tik),  able  to  spring  back 
to  its  original  size  or  shape  after  being 
stretched  or  squeezed, 
element  (el'imant),  the  simplest  kind 
of  material  from  which  other  materials 
are  made.  Scientists  have  discovered 
96  different  elements, 
enrich  (enrich'),  make  richer.  Adding 
vitamins  and  minerals  enriches  food, 
expand  (ekspand'),  get  larger. 

Fahrenheit  (far 'on  hit  or  far 'on  hit),  ac- 
cording to  the  kind  of  thermometer  that 
we  ordinarily  use  for  measuring  tem- 
perature. Water  freezes  at  32  degrees 
Fahrenheit,  and  it  boils  at  212  degrees 
Fahrenheit. 

fire  lane  (fir  lan),  a wide  path  cut  or 
plowed  to  remove  materials  that  will 
burn.  Fire  lanes  are  used  to  prevent 
the  spread  of  forest  fires  and  grass  fires, 
fireproof  (flr'priif'),  that  will  not  burn; 
almost  impossible  to  burn, 
fixed  pulley  (fikst  pul'i),  a pulley  that 
is  fastened  to  a support, 
friction  (frik'shon),  rubbing  of  one  thing 
against  another. 

fulcrum  (ful'kram),  the  point  on  which 
a lever  turns  or  is  supported  in  moving  a 
weight. 
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fungus,  plural  fungi  (fung/gas,  fun/jl),  a 
kind  of  plant  that  has  no  chlorophyll. 
It  cannot  make  food  for  itself. 

gearwheel  (ger/hwel/),  or  gear,  a wheel 
with  teeth  and  notches  on  it.  The  teeth 
prevent  slipping  when  one  gearwheel 
turns  another. 

generator  (jen/ar  a/tar),  a machine  for 
making  electric  current.  It  is  run  by 
steam,  wind,  water,  or  other  power, 
gravity  (grav'iti),  the  force  that  pulls 
all  things  toward  the  center  of  the  earth. 

harrow  (har/o),  a heavy  frame  with 
long  teeth  or  sharp  disks  that  break  up 
the  soil.  Farmers  use  a harrow  after 
plowing. 

hotbed  (hot ''bed/),  a glass-covered  frame 
under  which  young  plants  are  started. 
Extra  heat  is  given  off  by  a layer  of 
manure  under  the  soil, 
humus  (hu/mgs),  decayed  materials  in 
soil. 

hurricane  (her/ikan),  a storm  with 
very  strong  winds  and  usually  with 
heavy  rain.  The  wind  in  a hurricane 
blows  from  70  to  100  miles  an  hour. 

inclined  plane  (inkllnd/  plan),  a simple 
machine  made  by  sloping  or  slanting  a 
board  or  other  flat  surface, 
irradiate  (ira/diat),  add  vitamin  D to 
certain  foods. 

irrigate  (ir/igat),  supply  land  with 
water  by  using  ditches. 

kindling  temperature  (kin Ailing  tem/- 
parachar),  the  temperature  at  which  a 
combustible  material  will  catch  fire  and 
start  to  bum. 

larva,  plural  larvae  (lar/va,  lar/ve),  the 
second  part  in  the  life  of  some  insects 
and  other  animals.  The  larva  hatches 


from  the  egg.  The  tadpoles  of  frogs, 
toads,  and  other  amphibians  are  also 
called  larvae. 

lever  (lev/ar  or  le/var),  a simple  ma- 
chine for  lifting  or  moving  a weight  by 
pushing  down  or  pulling  up  on  a bar. 
litmus  paper  (lit /mas  pa /par),  a special 
blue  paper  used  to  test  materials  for 
acid.  It  turns  red  in  an  acid, 
loam  (lorn),  rich  soil  in  which  much 
humus  is  mixed  with  clay  and  sand, 
lucite  (Ifl/slt),  the  name  of  a very  hard, 
clear  plastic. 

machine  (mashen/),  anything  used  to 
make  work  easier. 

melting  point  (melt/ing  point),  the  tem- 
perature at  which  a solid  changes  to  a 
liquid. 

min  er  al  (min/ar  al) , an  element  or  com- 
pound that  living  things  need.  Minerals 
are  taken  from  the  soil  by  plants  and 
used  to  make  food. 

mold  (mold),  1.  a kind  of  fungus.  2.  a 
hollow  form  into  which  a liquid  may  be 
poured  to  harden  into  a certain  shape, 
movable  pulley  (miiv/abal  pul/i),  a 
pulley  that  moves  with  the  weight;  not 
a fixed  pulley. 

nectar  (nek /tar),  a sweet  liquid  found 
in  many  flowers. 

nylon  (nlAon),  the  name  of  a material 
made  from  coal,  water,  and  air.  Nylon 
is  often  made  into  thread  or  cloth  and 
used  instead  of  silk. 

pas  teur  ize  (pas/tar  Iz) , heat  hot  enough 
and  long  enough  to  kill  certain  germs, 
penicillin  (pen/asil/an),  a powerful 
germ-killing  drug  made  from  a certain 
mold  plant. 

physical  change  (fiz/ikal  chanj),  a 
change  in  a material  that  does  not  make 
a new  material. 
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plastic  (plasAik),  a material  that  can 
be  easily  shaped  or  molded, 
pollen  (poKan),  fine  yellowish  dust  on 
part  of  a flower.  It  helps  to  make  seeds, 
protective  foods  (pratekAiv  fiidz), 
foods  that  contain  vitamins  which  help 
prevent  diseases  and  keep  us  healthy, 
protein  (proAein  or  proven),  a com- 
pound of  carbon,  oxygen,  hydrogen,  and 
nitrogen.  Sometimes  it  also  has  sulphur 
and  phosphorus.  Proteins  are  found  in 
foods  such  as  meat,  fish,  eggs,  milk,  etc. 
prune  (prim),  cut  off  or  cut  out  parts 
from.  Trees  are  pruned  by  cutting  out 
some  of  the  smaller  branches, 
pulley  (pul  A),  a simple  machine  made 
of  a wheel  with  a rope  running  over  it. 
The  wheel  is  usually  grooved, 
pulley  block  (pul  A blok),  several  pul- 
leys used  together  in  a frame. 

queen  bee  (kwen  be),  the  mother  bee 
in  a hive. 

rayon  (raA>n),  the  name  of  a material 
made  from  wood  or  cotton  fibers.  Rayon 
is  often  made  into  thread  or  cloth, 
reg  is  ter  (rej  As  tor) , an  opening  through 
which  warm  air  or  cold  air  can  get  into 
or  out  of  a room. 

rickets  (rikAts),  a disease  that  causes 
soft  and  poorly  formed  bones.  It  is 
caused  by  lack  of  vitamin  D. 
roller  bearing  (roKar  barring),  a bear- 
ing in  which  parts  turn  on  a number  of 
loose  metal  rollers. 

root  hairs  (rut  harz),  tiny  hairlike  roots 
through  which  water  and  dissolved 
minerals  come  into  a plant, 
rote  none  (roAanon),  a poison  used  to 
kill  both  chewing  insects  and  sucking 
insects. 

scurvy  (skerAfi),  a disease  caused  by 
lack  of  vitamin  C. 


simple  machine  (sim-'pal  mashenO,  a 
machine  that  has  very  few  parts.  Levers, 
inclined  planes,  pulleys,  and  wheels  and 
axles  are  all  simple  machines, 
social  (soAhal),  living  in  a group, 
stomach  poison  (stumAk  poi'zan),  a 
poison  that  kills  insects  when  they  eat 
it  with  their  food. 

sucker  (sukAr),  a small  shoot  of  a 
plant  that  grows  from  the  stem  or  root, 
sucking  insect  (sukAng  inAekt),  an 
insect  that  gets  food  by  sucking  sap 
from  leaves  and  stems. 

thin  (thin),  make  less  thick  or  not  so 
close  together.  A thick  row  of  plants 
is  thinned  by  pulling  out  some  plants  to 
give  the  others  more  room, 
tile  (til),  a tube  made  of  baked  clay 
and  used  as  a pipe. 

tinder  (tin Alar),  a material  that  catches 
fire  easily. 

transplant  (transplant^),  plant  again 
in  another  place. 

vein  (van),  a part  of  a leaf  which  holds 
tubes  that  carry  water, 
ventilate  (venAdlat),  change  the  air  in. 
Windows  are  opened  to  ventilate  a room, 
vi  ta  min  (vl  Aa  min) , any  of  certain  nec- 
essary materials  found  in  foods.  Lack 
of  vitamins  causes  diseases  and  poor 
health. 

water  jacket  (wdAar  or  wotAr  jakAt), 
a water-filled  space  around  the  firebox 
of  a furnace. 

wheel  and  axle  (hwel  and  akAal),  a 
simple  machine  made  of  a wheel  fastened 
to  an  axle  so  that  they  turn  together, 
whey  (hwa),  the  watery  part  of  milk 
that  separates  from  the  thick  part,  or 
curd,  when  milk  sours  or  cheese  is  made, 
worker  bee  (wer^kar  be),  one  of  the 
bees  that  do  all  the  work  in  a hive. 
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INDEX 


IN  THE  NEXT  FEW  PAGES  is  a list  of 
things  that  your  book  tells  about. 
This  list  is  called  an  index.  You  can 
use  the  index  to  help  you  find  things 
in  your  book. 

Notice  that  all  the  words  beginning 
with  A come  first.  All  words  that  be- 
gin with  B come  next.  Find  the  words 
that  begin  with  S. 

Suppose  that  you  want  to  find  out 
about  different  kinds  of  bees.  First, 
look  for  bees  in  the  index.  What  pages 
in  your  book  tell  about  bees?  Look  at 

Acid,  taste  of,  128*-129*;  soil,  226 
Air,  113*;  force  of,  46*,  56*-58*;  has  en- 
ergy, 47;  heating  and  cooling  of,  111- 
115;  water  vapor  in,  112;  to  heat  houses, 
116*-117;  needed  for  fire,  152,  154-155, 
157-158;  takes  vitamins  from  food,  201; 
plants  need,  206,  210-211,  211-213,  223 
Airplane,  46,  47*;  made  of  simple  ma- 
chines, 73 

Alcohol,  135;  boiling  point  of,  120;  evapo- 
rates quickly,  121;  for  fuel,  164 
Alligators,  for  leather,  36 
Aluminum,  134;  melted,  118, 119* 
Animals,  12-13;  help  each  other,  13-18; 
need  plants,  19-20;  help  plants,  21-23; 
harm  living  things,  30-32;  help  us,  36-37; 
hair  of,  37;  conservation  of,  40-41* 
Ants,  15-17;  colony,  16*;  and  aphids,  17* 
Aphids,  17* 

Apple,  spoiled,  28*,  31*;  for  food,  33 


page  13  and  find  out  what  it  tells  you 
about  bees.  What  does  page  21  tell 
you?  Does  page  14  tell  you  about  the 
different  kinds  of  bees  in  a hive? 

Do  ferns  grow  in  the  sunshine  or 
the  shade?  How  does  the  sun  help  all 
green  plants?  Find  the  pages  in  your 
book  that  tell  you. 

A star  after  a number  (like  29*) 
means  that  there  is  a picture  on  that 
page.  What  page  has  a picture  of  an 
earthworm?  What  pages  have  pic- 
tures of  insects? 

Apricots,  dried,  144* 

Automobile,  uses  force,  46;  has  energy,  47; 
springs  of,  50*;  run  by  explosions,  62*; 
and  friction,  94-95;  uses  alcohol,  120 
Axe,  71,  72,  80;  safety  with,  97,  99 
Axle,  wheel  and,  88*-90*;  in  bicycle,  91* 

Backfire,  169-170 

Bacteria,  harmful  to  living  things,  28; 
cause  chemical  change  in  food,  145 
, Bakelite,  141 

Baking,  142;  soda,  129, 135;  powder,  145 

Basic  seven,  194*,  197 

Battery,  66 

Bearings,  95-96 

Bears,  conservation  of,  40,  42* 

Beavers,  18;  conservation  of,  42* 

Bees,  13*-15;  beebread,  14;  kinds  of,  14*; 
and  honeycomb,  15*;  spread  pollen, 
21*,  243 
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Beets,  for  food,  33;  growing,  206*,  233* 
Belt,  around  wheels,  91*,  96,  98* 

Beriberi,  188-189* 

Bicycle,  72-73,  91*,  95,  96 
Birds,  17, 18;  heed  plants,  20*;  food  for,  22, 
240*-241;  conservation  of,  41* 

Block  and  tackle,  70*,  86*,  100* 

Blood,  made  by  food,  185;  iron  for,  187; 

needs  water,  193;  carries  food,  214 
Body,  muscles  in,  48-49;  chemical  change 
in,  132;  food  for,  179 
Boiler,  in  steam  engine,  60 
Boiling  point,  120 
Boll  weevil,  32* 

Bones,  growth  of,  179;  calcium  phosphate 
in,  186;  vitamin  D for,  191 
Boron,  for  plant  growth,  227 
Brake,  uses  friction,  96-97 
Brass,  is  a mixture,  119 
Bronze,  is  a mixture,  119 
Buds,  sap  goes  to,  214-215 
Buffalo,  40 

Cabbage  worms,  31 

Cake,  baking  of,  142;  gas  in,  146* 

Calcium,  in  body,  139,  186-187;  in  milk, 
186;  in  minerals,  208;  plants  need,  227 
Camels,  help  us,  36 
Candy,  183 

Carbohydrates,  182-185, 183*,  193;  in  milk, 
195;  made  by  plants,  211,  214 
Carbon,  134;  with  copper  and  oxygen,  138; 
in  smoke,  158*-160,  160-162;  in  fats  and 
carbohydrates,  184,  213;  in  protein,  185 
Carbon  dioxide,  135;  in  soda,  126;  in  sugar, 
135;  formed  in  burning,  159-160;  fire  ex- 
tinguisher, 172*-173;  used  by  plants, 
212-213 

Carbon  tetrachloride,  fire  extinguisher, 
171* 

Carrots,  for  food,  33,  190;  roots  of,  206 
Caterpillar,  tent,  242* 

Cats,  help  us,  36 

Cell,  electric,  64*-65*,  66;  of  leaf,  213* 

Cellophane,  141 


Celluloid,  141 

Cereal,  bread,  180,  184,  191;  for  heat  en- 
ergy, 181,  182, 196;  starch  in,  184;  wheat, 
190-191;  vitamin  Bi  in,  191,  196 
Characteristics,  of  materials,  126-129,  130- 
133 

Cheese,  fat  in,  183;  protein  in,  185;  phos- 
phorus in,  187;  vitamin  Bi  in,  191;  from 
milk,  195 

Chemical  change,  131-133,  136-138,  139*; 
how  we  use,  140-142;  harmful,  143-145; 
in  burning,  156-160;  in  leaves,  212-213 
Chickens,  food  for,  32;  as  food,  36 
Chlorine,  to  make  salt,  138* 

Chlorophyll,  210-211,  212-213*;  magne- 
sium for,  227 
Clay,  in  soil,  223*-224,  226 
Coal,  for  fuel,  61,  150;  chemical  change  in, 
132;  is  combustible,  151;  conservation  of, 
161-162 

Cold  frame,  231 

Combustible  materials,  151,  155,  166* 
Compounds,  135-139;  that  are  useful,  140- 
142;  that  are  harmful,  143-145 
Compress,  128 

Concrete,  road,  105-106*;  how  to  make,  140 
Condense,  122 
Conservation,  38-41 

Contract,  metals,  105;  liquids,  108-109; 
gases,  111-113 

Cooling,  changes  materials,  103-122 
Copper,  134;  wire,  103;  with  carbon  and 
oxygen,  137-138;  plants  need,  227 
Corn,  smut,  28*;  needs  water,  29*;  insects 
eat,  30*;  borer,  31*;  for  food,  33;  starch 
in,  184;  roots  of,  207*;  takes  minerals 
from  soil,  227*,  228 

Cows,  poisoned  by  snakeroot,  27;  food  for, 
32;  for  food  and  clothing,  36 
Cranes,  use  pulley  blocks,  70*,  86 
Crows,  help  each  other,  18 
Cultivating,  235*-236 
Current,  electric,  53-54,  64-66,  67-68;  in 
water,  109 
Cutworms,  31 
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Dam,  47*,  55* 

DDT,  243 

Decay,  and  fungi,  24;  aids  new  growth,  26 
Deer,  harm  forests,  11-12*;  conservation 
of,  40-41* 

Derrick,  86 
Diesel  engine,  46,  63* 

Disease,  foods  help  prevent,  179 
Dogs,  help  plants,  23;  help  us,  36*,  49* 
Doorknob,  is  wheel  and  axle,  88-89* 
Drones,  14* 

Ducks,  nest,  19*;  conservation  of,  40 

Earthworm  fertilizes  soil,  22 *-23 
Egg,  fat  in,  183;  protein  in,  185,  196;  phos- 
phorus in,  187;  iron  in,  187;  vitamin  D 
in,  192 

Eggs,  clam,  11;  bee,  14-15;  ant,  16;  aphid, 
17;  woodpecker,  20;  insect,  30-32 
Egg  beater,  72,  89*,  90,  92 
Elastic,  meaning  of,  128 
Electric,  motor,  46,  57*,  64*,  65*;  current, 
54-55,  64*-66,  65*,  67,  164 
Elements,  125,  133-135,  134*;  combined, 
135-139,  140 

Elevators,  use  pulleys,  86 
Energy,  46*-48,  47*,  93;  from  food,  48-49, 
93,  179,  181-185;  of  steam,  61*;  heat,  61, 
164;  in  gasoline,  62;  of  electric  current, 
64-66,  93;  forms  of  can  be  changed,  67*- 
68;  friction  and,  93-94;  from  sun,  216 
Engine,  163;  Diesel,  46,  63*;  gasoline,  46, 
62*;  steam,  59*-61;  toy  electric,  64*; 
kinds  of  run  by  generator,  66 
Evaporate,  120-121,  122 
Expand,  metals,  104-105;  liquids,  108-109; 

gases,  111-113 
Explosions,  61-62 

Fahrenheit,  118 
Fans,  57*,  66*,  67 

Fat,  182*-185,  193;  in  foods,  183;  in  milk, 
195;  made  by  plants,  211,  214,  218 
Ferns,  25 

Fertilizer,  226-228,  227* 


Fire,  forest,  39, 148*;  tower,  39*;  is  a chem- 
ical change,  132*,  154-160;  how  we  con- 
trol, 149-173;  how  to  make,  149-153, 
151*,  152*;  oil,  162*;  to  prevent,  164-167; 
how  to  put  out,  165*,  168-173;  Safety 
Rules  for,  167 
Fire  boxes,  168* 

Fire  extinguisher,  171*,  172* 

Fire  lane,  169* 

Fish,  11;  as  food,  36;  protein  in,  185;  iodine 
in,  188;  vitamin  D in,  192 
Fixed  pulley,  83*-84,  86 
Flicker,  20* 

Flint,  to  start  fire,  153 
Flood,  damage  of,  53* 

Flowers,  and  bees,  14,  21*-22;  conserva- 
tion of,  40*;  sap  goes  to,  214-215;  bulbs 
store  food,  216;  in  garden  plan,  224* 
Food,  for  deer,  12*;  for  bees,  14;  for  ants, 
16-17;  animals  use  plants  for  19;  for 
fungi,  24*-25;  for  insects,  30*-32;  plants 
we  use  for,  33;  supplies  energy,  48-49; 
changes  in  body,  133;  spoiled,  145;  why 
you  need,  178-202;  vitamins  in,  188- 
192;  Basic  Seven,  194*;  habits,  194-199, 
202*;  cooking,  199-202,  200*,  201*;  green 
plants  make,  205-218 
Force,  45-48,  49,  93;  of  gravity,  51-52,  73, 
76;  of  water,  53-55;  of  air,  56-58;  of  an 
explosion,  61-62;  of  lever,  73-77;  changed 
by  pulley,  82-87;  of  wheel  and  axle,  88- 
90;  wasted  by  friction,  93-97 
Forest,  11-12;  conservation  of,  39 
Friction,  93-97;  to  start  fire,  152*-153 
Fruit,  184;  berries,  183;  bananas,  183; 
grapes,  183;  apples,  183,  193;  oranges, 
183,  191,  196;  prunes,  187;  lemons,  188, 
191;  limes,  188, 191;  grapefruits,  191, 196; 
water  in,  193* 

Fuel,  156-160;  has  energy,  61,  62-63,  93; 

kindling,  151*;  to  conserve,  160-164 
Fulcrum,  74,  75* 

Fungus,  24*-25;  harms  living  things,  27- 
28,  244;  has  no  chlorophyll,  210;  gets 
food,  216-218 
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Furnace,  150*,  163;  hot-water,  110*-111; 
hot-air,  116*-117 

Garden,  how  to  plan,  221,  222*-224*;  pre- 
paring soil  for,  225*-228,  226*;  planting, 
229*-232*,  230*;  caring  for  plants  in, 
233*-238*,  234*,  235*,  237*,  238*;  pro- 
tecting plants  in,  239-244,  243* 

Gas,  liquid  changed  to,  59-61*,  120-121; 
changed  by  heating  and  cooling,  111-115; 
in  cake,  146*;  stove,  155*;  for  fuel,  164 
Gasoline,  engine,  46,  62*-63;  to  start  fire, 
171,  174* 

Gearwheel,  91-92*;  safety  with,  98*,  99 
Geese,  conservation  of,  40 
Generator,  66,  68* 

Gentian,  blue,  40* 

Glass,  for  windows,  127;  making  of,  140* 
Gold,  134 

Gravity,  51-52,  73,  75-76;  and  air  current, 
57,  115,  154;  and  air,  113;  causes  cur- 
rent in  water,  109 

Grease,  decreases  friction,  94-96;  prevents 
rust,  144 

Greenhouse,  230-231 
Grouse,  41* 

Hammer,  72;  safety  with,  97-98 
Harrow,  225-226* 

Heat,  60;  from  friction,  94-95;  can  change 
materials,  103-122,  126;  from  burning, 
156;  conserving,  163*;  of  body,  181-185; 
takes  vitamins  from  food,  201 
Heath  hens,  40 
Hemp,  33* 

Hoe,  225,  235* 

Honey,  14;  comb,  15* 

Hotbed,  231* 

Hot-water,  heater,  109*;  furnace,  110*-111 
Humus,  in  soil,  223-224,  226;  from  manure, 
228 

Hurricane,  56* 

Hydrogen,  in  sugar,  135;  in  water,  136; 
from  candle,  159-160;  in  fats  and  carbo- 
hydrates, 184;  in  protein,  185 


Ice,  decreases  friction,  93,  96;  melting 
point  of,  118* 

Inclined  planes,  78*-81,  80*;  friction  in, 
93,  96 

Indian  pipes,  218* 

Insects,  22,  30-32,  39-40,  240-244, 241*,  242* 
Iodine,  a mineral,  188 
Iron,  134-135;  magnet,  64;  heating  and 
cooling  of,  103-105,  118;  rust,  131,  144; 
with  sulphur,  136*-137*;  with  oxygen, 
137;  in  body,  139,  187-188;  in  food,  187; 
in  minerals,  208;  plants  need,  227 
Irrigate,  236-238,  237* 

Jack-in-the-pulpit,  25* 

Jackscrew,  81*,  101* 

Kerosene  lamp,  155* 

Kindling  temperature,  151,  155 
Knife,  72,  80;  safety  with,  97* 

Lady’s  slipper,  40* 

Larvae,  on  caterpillar,  30*,  31*-32 
Lead,  melting  point  of,  118*,  130;  is  an 
element,  134;  in  paint,  138 
Leaves,  eaten  by  insects,  31*;  in  autumn, 
131;  veins  in,  209-210*;  breathing  pores 
in,  210*-211;  make  food,  211-214,  214- 
216;  cells  of,  213* 

Leopard,  snow,  10* 

Levers,  73-77*,  75*,  76*,  89;  have  friction, 
93;  safety  with,  99 
Lime,  for  acid  soil,  226 
Liquids,  gasoline,  62;  heating  and  cooling 
of,  107*-109;  solids  changed  to,  118-119; 
changed  to  gases,  120-121 
Litmus  paper,  128*-129 
Living  things,  need  each  other,  11-43 
Loam,  223*-224,  226 
Locomotive,  59*,  60*,  68,  72-73 
Lucite,  141 

Machines,  run  by  water,  53;  use  steam,  60; 
gasoline  engines  are,  62;  run  by  elec- 
tricity, 64-65;  make  work  easier,  71-99; 
safety  with,  99;  farm,  225-226* 
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Magnesium,  for  chlorophyll,  227 
Magnet,  64*;  in  motor,  65* 

Manganese,  for  plant  growth,  227 
Manure,  fertilizer,  228;  for  hotbed,  231* 
Maple,  tree,  211,  214* 

Matches,  safety  with,  153,  165 
Materials,  126-129*,  127*;  safety  in  han- 
dling, 129;  characteristics  of,  130-133; 
made  of  elements,  133-135;  made  of  com- 
pounds, 135-139;  new,  140-142;  changes 
in,  143-145;  combustible,  151 
Meat,  180;  fat  in,  183;  protein  in,  185;  iron 
in,  187;  liver,  187,  191,  192;  loses  value 
in  cooking,  200-201 
Meat  grinder,  90 
Melting  point,  of  solids,  118* 

Mercury,  is  an  element,  134 
Metal,  molten,  102*,  119*;  heat  changes 
size  of,  103-105*,  104* 

Mexican  bear  beetle,  31* 

Microscope,  9* 

Milk,  180;  protein  in,  185,  186,  195*;  fat 
and  sugar  in,  186;  minerals  in,  187,  196*; 
vitamin  Bi  in,  191;  water  in,  193;  con- 
tents of,  195*;  pasteurized,  201 
Mill,  53-54* 

Minerals,  186-188,  187*,  193;  in  milk,  195; 
lost  in  cooking,  199-201;  in  soil,  205,  208, 
210-211,  213;  in  fertilizer,  226-228 
Mistletoe,  24*,  25,  27 
Mold,  28;  food  for,  213,  217*-218,  217* 
Movable  pulley,  85-87 
Muscles,  46,  72,  75;  energy  in,  46-48,  48-49 
Mushrooms,  24;  harmful,  28;  cannot  make 
food,  213,  216-218 

Nectar,  for  honey,  14,  21* 

Nickel,  134 

Nitrogen,  134;  in  protein,  185;  helps  plants, 
227,  228;  in  manure,  228 
Nylon,  142 

Oil,  as  a fuel,  63,  161,  164;  decreases  fric- 
tion, 94*-96;  prevents  rust,  144;  con- 
serving, 162* 


Orange,  for  food,  33 
Oriole,  nest,  20 
Owls,  help  us,  36 
Oxen,  help  us,  36 

Oxygen,  134;  in  sugar,  135;  in  water,  136; 
makes  rust,  137;  with  copper,  138;  to 
make  paint,  138;  for  burning,  157-158;  in 
body,  181;  in  fats  and  carbohydrates, 
184;  in  protein,  185 

Paint,  138,  143* 

Paper,  how  to  make,  141*;  burning  of,  151 
Parachute,  52* 

Paraffin,  melting  of,  118*,  130*;  burning 
of,  158*-160 
Peat  moss,  for  soil,  226 
Penicillin,  from  mold,  34 
Perspiration,  193 
Pheasants,  conservation  of,  40 
Phosphorus,  in  body,  139;  in  milk,  186, 
195;  in  liver,  187;  in  minerals,  208;  helps 
plants,  227,  228 
Physical  change,  130 
Pigeons,  passenger,  40 
Pigs,  food  for,  32;  as  food,  36 
Pine,  trees  hold  soil,  35* 

Pine  beetle,  32* 

Pipes,  57-58,  110-111 
Pitcher  plant,  27* 

Plants,  12-13;  help  animals,  19*-20;  are 
helped  by  animals,  21-23;  help  each 
other,  24-26;  harm  living  things,  26-29; 
help  us,  33-35;  for  medicine,  34;  hold 
soil,  34-35*;  make  food,  205-218,  209-214; 
roots  of,  206-208;  store  food,  214-216, 
without  chlorophyll,  216-218;  transplant- 
ing, 232*;  care  of,  233-238 
Plastics,  141-142* 

Plow,  80,  225-226* 

Plums,  spoiled  by  fungi,  27-28* 

Poison,  for  insects,  242-243* 

Poison  ivy,  26*-27 

Pollen,  for  beebread,  14;  carried  by  bees, 
21* 

Pores,  in  leaf,  210*-211 
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Post-hole  digger,  100* 

Potassium,  for  plants,  227,  228 
Potato,  33,  180;  blight,  28;  starch  in,  184; 
iron  in,  188;  water  in,  193*;  takes  min- 
erals from  soil,  227 

Pounds,  measure  of  weight,  52,  75;  of 
force,  79,  85 

Prairie  dogs,  help  each  other,  18* 

Protein,  185-186*;  made  by  plants,  211, 
214,  218 

Pruning,  trees,  233-234;  tomatoes,  234* 
Puffballs,  24;  make  no  food,  213,  216-218 
Pulleys,  82*-87*;  fixed,  83*,  84*;  movable, 
85*;  in  block,  86*;  have  friction,  93; 
safety  with,  98 

Queen,  bee,  14*-15;  ant,  16 

Rabbits,  17;  harm  plants,  30 
Radiators,  110* 

Rain,  washes  away  soil,  34* 

Rake,  225* 

Rats,  experiment  with,  180 *-198* 

Rayon,  142 

Rice,  188-189;  vitamin  Bi  in,  190 
Rickets,  191-192* 

Road,  is  inclined  plane,  78*,  80;  making 
concrete,  105-106* 

Robins,  17 

Roller,  95*;  bearing,  96 
Roller  skates,  94*,  95*,  96 
Roots,  206*-209;  hairs  of,  207-208*;  sap 
goes  to,  214-215*;  store  food,  215 
Rotenone,  243 

Rubber,  trees,  33;  bands,  127-128 
Rust,  131*,  137;  prevention  of,  143*-144 

Safety,  with  machines,  97-99;  in  handling 
materials,  129;  in  using  matches,  153; 
for  preventing  fires,  167 
Salt,  120,  121*;  in  water,  130;  sodium  and 
chlorine  in,  138*;  iodized,  188 
Sand,  to  make  glass,  140*;  in  soil,  223*- 
224,  226 

Sap,  eaten  by  insects,  32;  of  maple  trees, 
214*;  in  plants,  214 


Saw,  71,  72;  safety  with,  97-99 
Scales,  52 
Scissors,  72 
Screws,  81* 

Scurvy,  188;  lemon  or  lime  for,  188,  191 
Seeds,  and  pollen,  21;  spread  by  animals, 
23;  sap  goes  to,  214;  food  stored  in,  216; 
planting,  224,  226,  229*-231,  230* 
Seesaw,  73-74*,  75*;  safety  with,  99 
Sewing  machine,  73;  needs  oil,  95 
Sheep,  food  for,  32,  176*;  we  use,  36* 
Silver,  134 
Skin,  179 

Skunks,  help  us,  36 

Smoke,  carried  by  air,  113-115;  from  burn- 
ing, 156,  158*,  160-162,  161* 

Snakes,  help  us,  36 
Sodium,  for  salt,  138* 

Soil,  earthworms  fertilize,  22*-23;  held  by 
plants,  34*-35*;  carried  by  moving  air, 
56;  minerals  in,  206-208;  types  of,  223*- 
224;  preparing  for  planting,  225-228, 
226*;  holds  water,  236*,  237* 

Solids,  heating  and  cooling  of,  103-106; 

changed  to  liquids,  118-119 
Soybeans,  protein  in,  185 
Spade,  225 

Spokes,  of  wheel,  89-90 
Spores,  of  bread  mold,  217* 

Springs,  50*;  balance,  79,  83,  85*,  86,  88 
Starch,  183-184*;  made  by  plants,  214,  218 
Steam,  59*-61*;  engine,  46,  59*-61;  a gas, 
59;  is  water  vapor,  122* 

Steering  wheel,  89,  90* 

Stoker,  automatic,  162 
Sugar,  130-131,  135-136;  a carbohydrate, 
183;  in  fruit,  183;  in  milk,  195;  beets, 
206*,  211;  made  in  green  leaves,  211- 
214,  218;  cane,  211 
Sugar  tongs,  77* 

Sulphur,  134;  with  iron,  136*-137*;  in 
protein,  185;  in  minerals,  208;  plants 
need,  227 
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Sun,  plants  protected  from,  25*;  plants 
reach  for,  25*-26,  28;  causes  change  in 
colors,  145;  vitamin  D from,  192;  helps 
green  plants,  212*-213,  216,  223 

Tack  puller,  76,  77* 

Tar,  in  concrete  road,  106* 

Taste,  126,  128 

Teeth,  80,  179,  186;  of  gearwheel,  91-92* 
Temperature,  118;  kindling,  151 
Thermometer,  107-108,  120 
Threshing  machine,  58* 

Tin,  will  not  rust,  144;  cans,  131* 

Tires,  cause  friction,  96 
Tomato  worm,  30* 

Tomato  plants,  227*,  232*,  234* 

Tools,  71;  for  gardening,  225*-226* 

Trains,  46,  63* 

Transplanting,  232* 

Trees,  help  hold  soil,  34-35*;  for  lumber, 
38*-39;  parts  of  carry  water,  209*;  store 
food,  215 
Trillium,  40* 

Tungsten,  134 
Turbine,  steam,  61* 

Turpentine,  33* 

Vegetables,  180, 184,  215;  corn,  184;  beans, 
184,  185;  peas,  185;  protein  in,  185;  cal- 
cium and  phosphorus  in,  187*,  196*;  to- 
mato, 188,  190,  191,  196;  carrots,  190; 
spinach,  190,  191;  vitamin  Bi  in,  191; 
contain  water,  193*;  lose  value  in  cook- 
ing, 199-200*,  201*;  garden  plan,  224* 
Veins,  of  leaf,  209-210*,  211,  213* 
Ventilate,  rooms,  117* 

Venus’s  flytrap,  27* 

Vine,  25* 

Vinegar,  is  acid,  128* 

Vitamins,  188-192,  190*,  191*,  193;  A,  190; 
Bx,  191;  C,  191, 196;  D,  191, 192*;  in  milk, 
196;  lost  in  cooking,  199-201* 

Volcanos,  118 


Washing  machine,  95;  safety  with,  97 
Water,  136, 139*;  force  of,  46,  53*-55*,  66*- 
67*;  has  energy,  47;  expands  and  con- 
tracts, 108;  vapor,  120,  122*;  character- 
istics of,  130;  from  candle,  159-160;  to  put 
out  fire,  170*;  in  body,  193;  in  food,  193*; 
takes  vitamins  from  food,  200*-201*; 
used  by  plants,  207-208,  209*,  210-211, 
211-213;  held  by  soil,  224,  236*;  for  irri- 
gation, 236-237*;  drainage  of,  238* 
Waterfall,  44*,  55 
Water  jacket,  in  furnace,  110* 

Water  wheel,  force  of,  46,  53-55*;  has  en- 
ergy, 47;  how  to  make  a,  54*;  runs  a 
generator,  65 

Wax,  bees  use,  14;  decreases  friction,  93; 

changes  when  heated,  130* 

Weasel,  30* 

Wedges,  71,  72,  80* 

Weeds,  28;  in  garden,  234-235*,  239*-240 
Weight,  51,  75,  79,  85;  of  water,  109;  air 
has,  113;  and  growth,  178*,  180*,  198* 
Wheat,  rust,  28;  for  food,  33 
Wheel,  run  by  steam,  61*;  run  by  explo- 
sion, 62;  in  pulleys,  82-87;  and  axle,  88*- 
90*;  turns  other  wheels,  91*-92*,  96; 
has  friction,  93;  reduces  friction,  95-96; 
safety  with,  98* 

White  snakeroot,  27 

Wind,  moves  soil,  35,  56;  has  energy,  47; 
pushes  boats,  56-57;  turns  windmill,  58*; 
runs  generator,  68* 

Windlass,  90* 

Windmill,  46,  58*,  68*,  72 
Wood,  eaten  by  beetle,  32*;  for  paper,  33, 
141*;  decaying  of,  131;  burning  of,  132, 
149,  151*,  164 
Woodpecker,  20,  37* 

Work,  made  easier,  71-99,  72* 

Worker,  bees,  14*;  ants,  16 

Zinc,  134*;  to  make  paint,  138;  for  galva- 
nized iron,  144;  plants  need,  227 
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